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STUDY  OVERVIEW 


Purpose  and  Need 

Between  1991  and  1997,  due  to  declines  in  abundance,  the  National  Marine  Fisheries  Service 
(NMFS)  made  the  following  listings  of  Snake  River  salmon  or  steelhead  under  the  Endangered 
Species  Act  (ESA)  as  amended: 

•  sockeye  salmon  (listed  as  endangered  in  1991) 

•  spring/summer  chinook  salmon  (listed  as  threatened  in  1992) 

•  fall  chinook  salmon  (listed  as  threatened  in  1992) 

•  steelhead  (listed  as  threatened  in  1997), 

In  1995,  NMFS  issued  a  Biological  Opinion  on  operations  of  the  Federal  Columbia  River  Power 
System  (FCRPS).  Additional  opinions  were  issued  in  1998  and  2000.  The  Biological  Opinions 
established  measures  to  halt  and  reverse  the  declines  of  ESA-listed  species.  This  created  the  need  to 
evaluate  the  feasibility,  design,  and  engineering  work  for  these  measures. 

The  Corps  implemented  a  study  (after  NMFS’  Biological  Opinion  in  1995)  of  alternatives  associated 
with  lower  Snake  River  dams  and  reservoirs.  This  study  was  named  the  Lower  Snake  River 
Juvenile  Salmon  Migration  Feasibility  Study  (Feasibility  Study).  The  specific  purpose  and  need  of 
the  Feasibility  Study  is  to  evaluate  and  screen  structural  alternatives  that  may  increase  survival  of 
juvenile  anadromous  fish  through  the  Lower  Snake  River  Project  (which  includes  the  four 
lowermost  dams  operated  by  the  Corps  on  the  Snake  River — Ice  Harbor,  Lower  Monumental,  Little 
Goose,  and  Lower  Granite  Dams)  and  assist  in  their  recovery. 

Development  of  Alternatives 

The  Corps’  response  to  the  1995  Biological  Opinion  and,  ultimately,  this  Feasibility  Study,  evolved 
from  a  System  Configuration  Study  (SCS)  initiated  in  1991.  The  SCS  was  undertaken  to  evaluate 
the  technical,  environmental,  and  economic  effects  of  potential  modifications  to  the  configuration  of 
Federal  dams  and  reservoirs  on  the  Snake  and  Columbia  Rivers  to  improve  survival  rates  for 
anadromous  salmonids. 

The  SCS  was  conducted  in  two  phases.  Phase  I  was  completed  in  June  1995.  This  phase  was  a 
reconnaissance-level  assessment  of  multiple  concepts  including  drawdown,  upstream  collection, 
additional  reservoir  storage,  migratory  canal,  and  other  alternatives  for  improving  conditions  for 
anadromous  salmonid  migration. 

The  Corps  completed  a  Phase  II  interim  report  on  the  Feasibility  Study  in  December  1996.  The 
report  evaluated  the  feasibility  of  drawdown  to  natural  river  levels,  spillway  crest,  and  other 
improvements  to  existing  fish  passage  facilities. 

Based  in  part  on  a  screening  of  actions  conducted  for  the  Phase  I  report  and  the  Phase  II  interim 
report,  the  study  now  focuses  on  four  courses  of  action: 

•  Existing  Conditions 

•  Maximum  Transport  of  Juvenile  Salmon 
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•  Major  System  Improvements 


•  Dam  Breaching. 

The  results  of  these  evaluations  are  presented  in  the  combined  Feasibility  Report  (FR)  and 
Environmental  Impact  Statement  (EIS).  The  FR/EIS  provides  the  support  for  recommendations  that 
will  be  made  regarding  decisions  on  future  actions  on  the  Lower  Snake  River  Project  for  passage  of 
juvenile  salmonids.  This  appendix  is  a  part  of  the  FR/EIS. 

Geographic  Scope 

The  geographic  area  covered  by  the  FR/EIS  generally  encompasses  the  140-mile  long  lower  Snake 
River  reach  between  Lewiston,  Idaho  and  the  Tri-Cities  in  Washington.  The  study  area  does  slightly 
vary  by  resource  area  in  the  FR/EIS  because  the  affected  resources  have  widely  varying  spatial 
characteristics  throughout  the  lower  Snake  River  system.  For  example,  socioeconomic  effects  of  a 
permanent  drawdown  could  be  felt  throughout  the  whole  Columbia  River  Basin  region  with  the 
most  effects  taking  place  in  the  counties  of  southwest  Washington.  In  contrast,  effects  on  vegetation 
along  the  reservoirs  would  be  confined  to  much  smaller  areas. 

Identification  of  Alternatives 

Since  1995,  numerous  alternatives  have  been  identified  and  evaluated.  Over  time,  the  alternatives 
have  been  assigned  numbers  and  letters  that  serve  as  unique  identifiers.  However,  different  study 
groups  have  sometimes  used  slightly  different  numbering  or  lettering  schemes  and  this  has  led  to 
some  confusion  when  viewing  all  the  work  products  prepared  during  this  long  period.  The  primary 
alternatives  that  are  carried  forward  in  the  FR/EIS  currently  involve  the  following  four  major 
courses  of  action: 


PATH17 

Corps 

FR/EIS 

Alternative  Name 

Number 

Number 

Number 

Existing  Conditions 

A-l 

A-l 

1 

Maximum  Transport  of  Juvenile  Salmon 

A-2 

A-2a 

2 

Major  System  Improvements 

A-2’ 

A-2d 

3 

Dam  Breaching 

A-3 

A-3a 

4 

17  Plan  for  Analyzing  and  Testing  Hypotheses 


Summary  of  Alternatives 

The  Existing  Conditions  Alternative  consists  of  continuing  the  fish  passage  facilities  and  project 
operations  that  were  in  place  or  under  development  at  the  tune  this  Feasibility  Study  was  initiated. 
The  existing  programs  and  plans  underway  would  continue  unless  modified  through  future  actions. 
Project  operations  include  fish  hatcheries  and  Habitat  Management  Units  (HMUs)  under  the  Lower 
Snake  River  Fish  and  Wildlife  Compensation  Plan  (Comp  Plan),  recreation  facilities,  power 
generation,  navigation,  and  irrigation.  Adult  and  juvenile  fish  passage  facilities  would  continue  to 
operate. 
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The  Maximum  Transport  of  Juvenile  Salmon  Alternative  would  include  all  of  the  existing  or 
planned  structural  and  operational  configurations  from  the  Existing  Conditions  Alternative. 
However,  this  alternative  assumes  that  the  juvenile  fishway  systems  would  be  operated  to  maximize 
fish  transport  from  Lower  Granite,  Little  Goose,  and  Lower  Monumental  and  that  voluntary  spill 
would  not  be  used  to  bypass  fish  through  the  spillways  (except  at  Ice  Harbor).  To  accommodate  this 
maximization  of  transport,  some  measures  would  be  taken  to  upgrade  and  improve  fish  handling 
facilities. 

The  Major  System  Improvements  Alternative  would  provide  additional  improvements  to  what  is 
considered  under  the  Existing  Conditions  Alternative.  These  improvements  would  be  focused  on 
using  surface  bypass  facilities  such  as  surface  bypass  collectors  (SBCs)  and  removable  spillway 
weirs  (RSWs)  in  conjunction  with  extended  submerged  bar  screens  (ESBSs)  and  a  behavioral 
guidance  structure  (BGS).  The  intent  of  these  facilities  would  be  to  provide  more  effective 
diversion  of  juvenile  fish  away  from  the  turbines.  Under  this  alternative,  an  adaptive  migration 
strategy  would  allow  flexibility  for  either  in-river  migration  or  collection  and  transport  of  juvenile 
fish  downstream  in  barges  and  trucks. 

The  Dam  Breaching  Alternative  has  been  referred  to  as  the  “Drawdown  Alternative”  in  many  of 
the  study  groups  since  late  1996  and  the  resulting  FR/EIS  reports.  These  two  terms  essentially  refer 
to  the  same  set  of  actions.  Because  the  term  drawdown  can  refer  to  many  types  of  drawdown,  the 
term  dam  breaching  was  created  to  describe  the  action  behind  the  alternative.  The  Dam  Breaching 
Alternative  would  involve  significant  structural  modifications  at  the  four  lower  Snake  River  dams, 
allowing  the  reservoirs  to  be  drained  and  resulting  in  a  free-flowing  yet  controlled  river.  Dam 
breaching  would  involve  removing  the  earthen  embankment  sections  of  the  four  dams  and  then 
developing  a  channel  around  the  powerhouses,  spillways,  and  navigation  locks.  With  dam 
breaching,  the  navigation  locks  would  no  longer  be  operational  and  navigation  for  large  commercial 
vessels  would  be  eliminated.  Some  recreation  facilities  would  close  while  others  would  be  modified 
and  new  facilities  could  be  built  in  the  future.  The  operation  and  maintenance  of  fish  hatcheries  and 
HMUs  would  also  change,  although  the  extent  of  change  would  probably  be  small  and  is  not  known 
at  this  time. 

Authority 

The  four  Corps  dams  of  the  lower  Snake  River  were  constructed  and  are  operated  and  maintained 
under  laws  that  may  be  grouped  into  three  categories:  1)  laws  initially  authorizing  construction  of 
the  project,  2)  laws  specific  to  the  project  passed  subsequent  to  construction,  and  3)  laws  that 
generally  apply  to  all  Corps  reservoirs. 
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FOREWORD 


Appendix  E  was  prepared  by  staff  of  the  U.S,  Army  Corps  of  Engineers  (Corps),  Walla  Walla  District, 
Contributors  to  this  appendix  included  Jaeobs-Sverdrup  Engineering,  Inc.,  ENSR  Engineering,  and 
Hamilton  Engineering.  This  appendix  is  one  part  of  the  overall  effort  of  the  Corps  to  prepare  the  Lower 
Snake  River  Juvenile  Salmon  Migration  Feasibility  Report/Environmental  Impact  Statement  (FR/EIS). 

The  Corps  has  reached  out  to  regional  stakeholders  (Federal  agencies,  tribes,  states,  local  governmental 
entities,  organizations,  and  individuals)  during  the  development  of  the  FR/EIS  and  appendices.  This 
effort  resulted  in  many  of  these  regional  stakeholders  providing  input  and  comments,  and  even  drafting 
work  products  or  portions  of  these  documents.  This  regional  input  provided  the  Corps  with  an  insight  and 
perspective  not  found  in  previous  processes.  A  great  deal  of  this  information  was  subsequently  included 
in  the  FR/EIS  and  appendices;  therefore,  not  all  of  the  opinions  and/or  findings  herein  may  reflect  the 
official  policy  or  position  of  the  Corps. 


iii 
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ACRONYMS  AND  ABBREVIATIONS 


AFEP 

Anadromous  Fish  Evaluation  Program 

BGS 

behavioral  guidance  structure 

BOR 

Bureau  of  Reclamation 

CBFWA 

Columbia  Basin  Fish  and  Wildlife  Authority 

CBE 

combined  bypass  efficiency 

cfs 

cubic  feet  per  second 

Corps 

U.S.  Anny  Corps  of  Engineers 

DGAS 

Dissolved  Gas  Abatement  Study 

ESA 

Endangered  Species  Act 

ESBS 

extended  submerged  bar  screen 

FGE 

fish  guidance  efficiency 

flip  lips 

spillway  flow  deflectors 

FLE 

fish  ladder  extension 

FPE 

fish  passage  efficiency 

FR/EIS 

Lower  Snake  River  Juvenile  Salmon  Migration  Feasibility  Report/ 
Environmental  Impact  Statement 

m3/s 

cubic  meters  per  second 

MOP 

minimum  operating  pool 

NMFS 

National  Marine  Fisheries  Service 

NPPC 

Northwest  Power  Planning  Council 

O&M 

operation  and  maintenance 

PB-2A 

Detailed  Project  Schedule 

RPA 

reasonable  and  prudent  alternative 

RSW 

removable  spillway  weir 

SBC 

surface  bypass  collector 

SES 

spillway  extension  structure 

SRWG 

Study  Review  Work  Group 

str 

structure 

STS 

submerged  traveling  screen 

SWT 

simulated  Wells  intake 

TDG 

total  dissolved  gas 

USFWS 

US  Fish  and  Wildlife  Service 
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ENGLISH  TO  METRIC  CONVERSION  FACTORS 


To  Convert  From 

To 

Multiolv  Bv 

LENGTH  CONVERSIONS: 

Inches 

Millimeters 

25.4 

Feet 

Meters 

0.3048 

Miles 

Kilometers 

1.6093 

AREA  CONVERSIONS: 

Acres 

Hectares 

0.4047 

Acres 

Square  meters 

4047 

Square  Miles 

Square  kilometers 

2.590 

VOLUME  CONVERSIONS: 

Gallons 

Cubic  meters 

0.003785 

Cubic  yards 

Cubic  meters 

0.7646 

Acre-feet 

Hectare-meters 

0.1234 

Acre-feet 

Cubic  meters 

1234 

OTHER  CONVERSIONS: 

Feet/mile 

Meters/kilometer 

0.1894 

Tons 

Kilograms 

907.2 

Tons/square  mile 

Kilograms/square  kilometer 

350.2703 

Cubic  feet/second 

Cubic  meters/sec 

0.02832 

Degrees  Fahrenheit 

Degrees  Celsius 

(Deg  F -32)  x  (5/9) 
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Executive  Summary 

Purpose 

The  Walla  Walla  District  of  the  U.S.  Army  Corps  of  Engineers  (Corps)  operates  four  lock  and  dam 
facilities  on  the  lower  Snake  River,  These  include  the  Lower  Granite,  Little  Goose,  Lower  Monumental, 
and  Ice  Harbor  Dams.  In  response  to  the  National  Marine  Fisheries  Service  (NMFS)  1995  Biological 
Opinion  concerning  the  operation  of  the  Federal  hydropower  system,  the  Corps  is  studying  structural  and 
operational  alternatives  to  improve  the  downstream  migration  of  juvenile  salmonids  through  the  four 
lower  Snake  River  dams.  These  alternatives  will  provide  improved  downstream  fish  migration  while 
keeping  the  dams  operational. 

The  alternatives  described  in  this  appendix  may  be  compared  to  each  other  and  to  the  other  alternative 
identified  for  investigation  under  this  feasibility  study  —  breaching  of  the  four  lower  Snake  River  dams. 

The  information  contained  in  this  appendix  will  be  used  to  assist  in  decisions  regarding  future  project 
modifications  and  operations  of  the  lower  Snake  River  system. 

Fish  Passage  Strategies 

The  term  “Existing  System  Upgrades,”  as  used  in  this  appendix,  refers  to  options  available  for  upgrading 
the  existing  facilities  used  for  transporting  or  bypassing  downstream  migrating  juvenile  fish.  Existing 
System  Upgrades  corresponds  to  Alternatives  1  and  2  in  the  FR/EIS.  The  term  “Major  System 
Improvements,”  as  used  in  this  appendix,  involves  the  use  of  surface  bypass  collectors  (SBCs)  and  other 
devices  to  provide  a  way  to  collect  fish  swimming  near  the  surface.  Major  System  Improvements 
corresponds  to  Alternative  3  in  the  FR/EIS. 

This  appendix  utilizes  three  different  fish  passage  strategies  in  order  to  define  and  evaluate  the  various 
alternatives.  These  strategies  include: 

•  In-River  Passage  —  Keeping  the  fish  in  the  river  during  their  downstream  migration. 

•  Transport  —  Collecting  and  transporting  the  fish  downstream  of  Bonneville  Dam. 

•  Adaptive  Migration  —  Providing  operational  alternatives  to  allow  an  effective  method  for  either 
in-river  passage  or  transport. 

These  strategies  were  applied  to  the  options  for  upgrading  the  existing  facilities  (Existing  System 
Upgrades)  and  to  the  Major  System  Improvement  alternatives.  The  modifications  required  for  upgrading 
the  existing  system  include  the  following: 

•  Improvement  of  the  effectiveness  of  the  juvenile  fish  bypass  and  collection  facilities 

•  Additional  barges  for  fish  transportation 

•  Turbine  modifications  and  improvements  made  during  a  major  rehabilitation  of  the  powerhouse 

•  Modification  of  spillways  to  reduce  dissolved  gas  levels. 
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Major  System  Improvements  includes  upgrading  the  existing  system,  constructing  SBC  systems,  and  new 
extended  submerged  bar  screens  (ESBSs)  in  turbine  entrances.  Surface  bypass  and  collection  systems 
consist  of  surface  collectors,  behavioral  guidance  structures  (BGSs),  and  modified  spillbays. 

Unresolved  Issues 

The  development  of  SBC  technology  is  still  underway.  As  more  is  learned  about  the  effectiveness  of 
various  components  of  surface  bypass  and  collection  systems,  designs  may  be  developed  that  have  a 
higher  reliability  of  success.  These  designs  may  differ  from  those  presented  in  this  appendix.  However, 
the  SBC  alternatives  described  in  this  appendix  represent  effective  options  for  improving  the  current 
system  of  transporting  and/or  bypassing  fish  past  the  dams. 

Some  of  the  surface  bypass  and  collection  options  include  modifying  a  spillbay  at  each  project.  This  will 
reduce  spillway  capacity  by  as  much  as  5  percent.  If  it  is  decided  that  a  reduction  in  spillway  capacity  is 
not  acceptable,  an  alternate  plan  to  bypass  fish  via  the  central  non-overflow  could  be  implemented. 
Alternatively,  options  that  would  include  methods  to  pass  the  5  percent  spillway  capacity  flow  through 
the  powerhouse  and/or  navigation  lock  during  the  rare  flood  event  may  be  found  to  be  feasible. 

Some  of  the  SBC  options  have  the  potential  of  increasing  design  seismic  loading  on  the  existing  dam 
monoliths.  Further  analysis  is  required  to  determine  the  need  for  measures  to  strengthen  the  structures  or 
increase  their  stability. 

The  removable  spillway  weir  (RS  W)  included  with  the  adaptive  migration  option,  described  herein, 
would  require  model  testing  to  determine  the  best  shape  for  providing  a  fish-friendly  bypass.  Since  the 
RSW  would  be  resting  on  top  of  an  existing  spillbay,  there  are  limitations  on  the  possible  shapes  of  the 
weir.  Prototype  testing  would  show  if  an  acceptable  design  could  be  developed. 

Several  dissolved  gas  abatement  measures  are  included  herein.  These  measures  include  structural 
modifications  to  the  spillways  in  an  effort  to  reduce  gas  levels  that  are  known  to  be  harmful  to  fish.  The 
improvements  are  based  upon  the  latest  developments  in  spillway  deflector  design  and  have  received 
regional  support  for  rapid  installation.  The  dissolved  gas  abatement  study  (DGAS)  is  a  system-wide 
study  that  is  addressing  these  measures  as  well  as  more  extensive  measures  to  reduce  total  dissolved  gas 
(TDG)  supersaturation  that  fonns  in  both  the  Snake  and  Columbia  rivers.  The  need  for  these  more 
extensive  measures  will  be  determined  after  completion  of  the  system-wide  study.  Therefore,  these  more 
extensive  gas  abatement  measures  are  not  included  in  this  appendix. 

Installation  of  the  dissolved  gas  abatement  measures  included  in  this  appendix  may  impact  the  following: 
1)  adult  fish  passage,  2)  juvenile  fish  passage,  3)  navigation,  and  4)  stilling  basin  and  channel  erosion. 
These  potential  impacts  must  be  evaluated  and  resolved  as  necessary  prior  to  implementation  of  the 
spillway  modifications. 

For  all  alternatives  other  than  a  drawdown  of  the  river,  a  portion  of  the  fish  will  still  be  passing  through 
the  turbine  environment.  The  Turbine  Survival  Program  is  exploring  ways  to  improve  passage  through 
the  turbines.  For  the  purpose  of  this  study,  it  was  assumed  that  the  fish  passage  improvements  identified 
in  the  Turbine  Survival  Program  would  be  applied  to  all  turbines  at  the  lower  Snake  River  dams.  Because 
of  their  tremendous  costs,  the  installation  of  these  improvements  is  assumed  to  occur  during  major  turbine 
rehabilitation  at  that  facility. 
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Summary 

The  following  are  summary  tables  for  each  of  the  Existing  System  Upgrades  (Table  ES-1)  and  Major 
System  Improvement  (Table  ES-2)  options  investigated  in  this  appendix.  The  summary  tables  include 
1)  costs  for  lock  and  dam  operations,  2)  implementation  schedules,  3)  fish  hatchery  costs,  and 
4)  percentage  offish  surviving  from  just  upstream  of  Lower  Granite  Dam  to  just  downstream  of 
Bonneville  Dam. 
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1.  Introduction 

1.1  General 

The  Walla  Walla  District  of  the  U.S,  Army  Corps  of  Engineers  (Corps)  operates  four  lock  and  dam 
projects  on  the  lower  Snake  River,  including  Lower  Granite,  Little  Goose,  Lower  Monumental,  and  Ice 
Harbor,  In  response  to  the  National  Marine  Fisheries  Service  (NMFS)  1995  Biological  Opinion 
concerning  the  operation  of  the  Federal  Columbia  River  Power  System,  the  Corps  is  studying  structural 
and  operational  alternatives  to  improve  the  downstream  migration  of  juvenile  salmon  smolts  through  the 
four  lower  Snake  River  dams. 

For  the  Lower  Snake  River  Juvenile  Salmon  Migration  Feasibility  Study  (Feasibility  Study),  four 
alternatives  are  being  studied:  Alternative  1 — Existing  Conditions,  Alternative  2— Maximum  Transport 
of  Juvenile  Salmon,  Alternative  3 — Major  System  Improvements,  Alternative  4 — Dam  Breaching. 

The  term  “Existing  System  Upgrades,”  as  used  in  this  appendix,  refers  to  options  available  for  upgrading 
the  existing  facilities  used  for  transporting  or  bypassing  downstream  migrating  juvenile  fish.  Existing 
System  Upgrades  corresponds  to  Alternatives  1  and  2  in  the  FR/EIS.  The  term  “Major  System 
Improvements,”  as  used  in  this  appendix,  involves  the  use  of  surface  bypass  collectors  (SBC)  and  other 
devices  to  provide  a  way  to  collect  fish  swimming  near  the  surface.  Major  System  Improvements 
corresponds  to  Alternative  3  in  the  FR/EIS. 

Existing  System  Upgrades  not  only  covers  facilities  and  project  operations  as  they  currently  exist  and  are 
operated  at  the  dams  and  reserv  oirs,  but  also  includes  measures  to  maintain  or  upgrade  present  facilities  to 
state-of-the-art  design  and  operation.  Depending  on  the  juvenile  fish  passage  strategy  (see  Section  1.3), 
this  may  or  may  not  require  voluntary  spill.  A  full  discussion  of  Existing  System  Upgrades  involving 
dissolved  gas,  turbines,  and  other  miscellaneous  measures  is  provided  in  Annexes  A,  C,  and  D, 
respectively. 

Major  System  Improvements  includes  upgrades  to  the  existing  systems  plus  major  system  modifications 
that  significantly  impact  project  layout  and  operations.  This  includes  utilizing  surface  bypass  and 
collection  technology  to  safely  collect  and  guide  fish.  Depending  on  the  alternative,  voluntary  spill  mav 
or  may  not  be  required.  A  full  discussion  of  surface  collection  systems  included  with  Major  System 
Improvements  options  can  be  found  in  Annex  B. 

Dam  Breaching  is  evaluated  in  Appendix  D,  Natural  River  Drawdown  Engineering. 

1.2  Purpose 

This  document  presents  key  engineering  and  cost  information  concerning  the  Existing  System  Upgrades 
and  Major  System  Improvements  alternatives.  In  addition,  it  summarizes  biological  performance 
information  gathered  during  prototype  testing  of  surface  collector  concepts  and  predicted  biological 
performance  data  for  each  of  the  alternatives  included  in  this  appendix.  This  information  will  be  used  in 
the  Feasibility  Study  where  recommendations  regarding  future  project  modifications  and  operations  of  the 
lower  Snake  River  system  will  be  made. 
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1.3  Juvenile  Fish  Passage  Strategies 

Existing  System  Upgrades  and  Major  System  Improvements  are  described  in  the  context  of  three 
strategies  for  aiding  in  the  downstream  migration  of  juvenile  fish  safely  past  the  dams:  1)  In-River 
Bypass,  2)  Transport,  and  3)  Adaptive  Migration  Strategy. 

In-River  Bypass  refers  to  designs  and  operations  that  would  bypass  fish  directly  to  the  tailraee  via  existing 
spillways  or  through  some  type  of  fish  bypass  strategy.  No  trucking  or  barging  of  fish  would  be  done. 
Based  on  current  project  operations,  this  strategy  would  require  voluntary  spill. 

Transport  refers  to  directing  fish  to  a  truck  or  barge  transport  system  with  capabilities  to  bypass  fish  to  the 
tailraee  in  an  emergency.  This  strategy  would  generally  not  require  voluntary  spill. 

The  Adaptive  Migration  Strategy  would  optimize  current  operational  objectives  where  either  in-river  or 
transport  strategies  can  be  used.  This  strategy  addresses  concerns  about  the  risks  and  effectiveness 
associated  with  bypass  only  and  transport  only.  The  combined  overall  strategy  would  be  to  operate  the 
different  facilities  so  that  a  spread-the-risk  philosophy  could  be  implemented  considering  the  whole  river 
system.  This  strategy  might  be  used  over  a  relatively  short  time  period  (5  to  10  years)  until  a  regional 
decision  is  made  to  select  either  a  transport  or  in-river  passage  strategy.  The  Adaptive  Migration  Strategy 
might  also  be  a  long-term  plan,  where  transport  may  be  used  at  certain  times  and  in-river  bypass  used  at 
other  tunes,  depending  on  varying  river  conditions.  This  type  of  operation  may  include  voluntary  spill, 
but  it  will  depend  on  whether  the  fish  are  kept  in  the  river  or  transported.  Because  of  its  operational 
flexibility,  the  Adaptive  Migration  Strategy  is  more  effective  at  addressing  doubts  as  to  whether  fish 
transportation  is  better  or  worse  for  fish  than  in-river  passage. 

1.4  Spill  Operations 

In  this  appendix,  “voluntary  spill”  is  defined  as  spill  intended  to  attract  juvenile  fish  to  the  spillways  for 
in-river  passage.  Typically,  this  spill  would  not  have  taken  place  under  normal  project  operations. 
“Involuntary  spill”  is  defined  as  spill  that  is  required  to  pass  high  river  discharge  past  the  project  once 
powerhouse  capacities/power  requirements  have  been  reached. 

As  described  in  the  Fish  Passage  Plan  for  Corps  of  Engineers  Projects  (March  1998),  the  Corps  shall  spill 
for  juvenile  fish  passage  according  to  the  NMFS  Biological  Opinion.  As  it  relates  to  the  lower  Snake 
River  dams,  during  the  juvenile  spring/summer  chinook  migration  season  (April  10  through  June  20),  the 
Corps  is  to  spill  at  all  dams  (except  under  certain  exceptions)  to  the  gas  cap,  which  has  been  defined  as 
120  percent  total  dissolved  gas  (TDG)  supersaturation.  Voluntary  spill  levels  are  limited  by  the  resulting 
TDG  levels.  If  the  TDG  levels  are  high  enough  and  fish  are  exposed  to  these  levels  long  enough,  both 
adult  and  juvenile  migrants  would  be  harmed. 

The  decision  to  include  voluntary  spill  as  a  portion  of  any  Major  System  Improvements  alternative  will 
depend  upon  the  ability  of  voluntary  spill  to  help  achieve  the  goals  of  that  alternative. 

1.5  Annexes 

Annexes  to  this  appendix  are  included  at  the  back  of  the  appendix.  These  annexes  provide  detailed 
backup  information  used  to  develop  the  main  body  of  the  appendix.  The  reader  may  wish  to  refer  to  the 
annexes  for  detailed  information  not  included  in  the  main  body  of  the  appendix. 
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The  annexes  include  the  following  descriptions: 

•  Existing  system  operations  (including  proposed  upgrades  to  the  existing  system) 

•  Surface  bypass  and  collection  alternatives 

•  Dissolved  gas  abatement  measures 

•  Turbine  Survival  Program 

•  Cost  and  implementation  schedules. 
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2.  Background 

2.1  General 

On  March  2,  1995,  the  National  Marine  Fisheries  (NMFS)  issued  a  biological  opinion  for  the  Reinitiation 
of  Consultation  on  1994-1998  Operation  of  the  Federal  Columbia  River  Power  System  and  Juvenile 
Transportation  Program  in  1995  and  Future  Years  (NMFS,  1995a).  The  biological  opinion  established 
immediate  measures  necessary  for  the  survival  and  recoveiy  of  Snake  River  salmon  stocks  listed  under 
the  Endangered  Species  Act  (ESA).  In  response  to  the  biological  opinion,  the  Corps  has  been 
investigating  various  system  improvements  to  the  lower  Snake  River  dams  intended  to  improve  the 
effectiveness  of  downstream  smolt  migration.  These  system  improvements  represent  an  alternative  to  a 
drawdown  of  the  lower  Snake  River  dams. 

2.2  Existing  Juvenile  Fish  System 

Since  the  construction  of  each  of  the  lower  Snake  River  dams,  the  Corps  has  operated  adult  fish  collection 
and  passage  facilities  at  each  dam.  These  facilities  were  developed  in  collaboration  with  the  regional 
fishery  agencies  to  aid  in  the  upstream  migration  of  adult  fish.  Juvenile  fish  bypass  facilities  were 
developed  or  installed  as  the  four  lower  Snake  River  dams  were  constructed.  Facilities  were  upgraded  as 
new  technology  developed. 

2.3  Development  of  Surface  Bypass  and  Collection  Technology 

The  Corps  has  focused  much  attention  on  the  development  of  surface  bypass  and  collection  system  (SBC) 
options.  These  options  are  intended  to  collect  downstream  migrating  smolts  in  the  forebay  and  safely 
bypass  them  across  the  dam  (in-river  options)  or  transport  them  downstream  in  trucks  or  barges 
(transportation  option).  Objectives  for  developing  SBC  systems  include:  1)  increasing  the  number  of 
juvenile  fish  guided  for  bypass  or  collection  through  non-turbine  routes;  2)  reducing  fish  stress,  injury, 
and  migration  delays;  and  3)  reducing  high-spill  levels  that  are  associated  with  dissolved  gas  problems 
and  lost  power  generation. 

Brainstorming  sessions  were  held  in  Walla  Walla  in  July  1994  in  order  to  develop  and  expand  surface 
bypass  and  collection  concepts.  Participants  in  these  meetings  included  private  individuals;  consulting 
firm  representatives;  and  state.  Federal,  and  tribal  fishery  representatives,  A  prototype  surface  collector 
was  constructed  in  1996  at  Lower  Granite  Dam.  The  basis  for  this  design  was  the  successful  surface- 
oriented  bypass  system  currently  in  use  at  Wells  Dam  on  the  mid-Columbia  River.  Biological 
performance  data  of  the  Lower  Granite  prototype  were  collected  and  evaluated.  Modifications  were  made 
in  1998  to  the  Lower  Granite  prototype  to  effectively  make  the  collector  deeper  and  to  include  a 
behavioral  guidance  structure  (BGS)  to  guide  fish  to  the  SBC  entrance.  More  testing  is  now  underway. 

A  more  detailed  discussion  of  the  SBC  prototype  testing  is  included  is  Section  4.4  of  this  appendix. 

Preliminary  hydraulic  model  testing  of  methods  for  removing  most  of  the  water  entering  the  SBC  has 
been  completed.  Dewatering  to  a  lower  flow  rate  is  required  for  SBCs  that  allow  for  fish  transportation 
because  the  downstream  juvenile  fish  facility  cannot  handle  the  large  flows  used  in  surface  collection. 
Results  of  the  SBC  testing  and  dewatering  modeling  have  been  encouraging.  Therefore,  further 
development  of  SBC  options  is  ongoing. 
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2.4  Conceptual  Level  Surface  Bypass  Collector  Designs 

The  Corps  contracted  the  development  of  concept  level  SBC  designs  for  the  lower  Snake  River  dams 
based  on  the  fundamental  surface  collector  concepts  being  tested  at  Lower  Granite  Dam.  This  effort 
focused  on  the  development  of  SBC  designs  and  costs  while  the  prototype  testing  at  Lower  Granite  was 
used  for  evaluating  SBC  performance. 

Once  the  prototype  testing  had  provided  preliminary  performance  levels  for  the  various  concepts  and  the 
engineering  report  had  verified  feasibility  and  cost,  it  was  necessary  to  define  combinations  of  measures 
that  would  most  reasonably  meet  the  goals  of  the  fish  passage  strategies  (in-river  passage,  transportation, 
adaptive  migration).  A  second  report  was  developed  investigating  various  SBC  system  combinations 
(refer  to  Annex  B).  These  alternative  combinations  are  represented  in  Tables  1  and  2  in  the  Executive 
Summary  and  are  more  fully  described  later  in  this  appendix  and  in  Annex  B. 

2.5  Dissolved  Gas  Abatement  Study 

Currently,  the  Corps  is  actively  involved  in  the  development  of  methods  reducing  total  dissolved  gas 
(TDG)  supersaturation  in  the  lower  Snake  and  Columbia  river  systems.  High  levels  of  TDG 
supersaturation  are  known  to  be  harmful  to  fish.  The  DGAS  does  not  involve  separate  investigations  of 
the  Snake  and  Columbia  rivers.  Instead,  the  DGAS  treats  the  TDG  supersaturation  as  a  system-wide 
problem.  To  date,  the  study  has  included  a  Phase  I  technical  report.  A  Phase  II  report  is  currently 
scheduled  for  completion  in  fiscal  year  200 1 . 

2.6  Coordination 

The  Corps  coordinated  with  a  large  number  of  fish  agencies  throughout  the  northwest  and  local  interest 
groups  in  the  development  of  the  SBC  combinations  report  and  the  DGAS.  For  more  detailed 
information,  refer  to  the  annexes  at  the  back  of  this  appendix. 
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3.  Existing  System  Features 

The  “Existing  System”  is  defined  for  this  appendix  as  project  features  and  operations  that  presently  are 

considered  to  aid  in  the  migration  of  juvenile  and  adult  fish  on  the  lower  Snake  River.  Major  existing 

system  components  are  listed  below. 

•  Adult  Fish  Passage  Systems:  Includes  fish  ladders,  pumped  attraction  water  supplies,  and 
powerhouse  fish  collection  systems  designed  to  aid  upstream  migrating  adult  fish. 

•  Juvenile  Fish  Bypass  and  Collection  Systems:  Includes  turbine  intake  screen  systems. 

•  Juvenile  bypass  and  collection  facilities  and  transportation  facilities  intended  to  aid  downstream 
migrating  fish, 

•  Minimum  Operating  Pools  (MOP):  Includes  operating  the  reservoirs  at  minimum  operating  pool 
elevation  during  the  juvenile  fish  outmigration. 

•  Turbine  Operations:  Includes  operating  the  turbines  within  1  percent  of  peak  efficiency. 

•  Spill  Operations:  Includes  voluntary  spill  to  assist  in  the  bypassing  of  juvenile  salmon  and  steelhead 
in  accordance  with  the  biological  opinion.  The  spill  is  thought  to  attract  the  fish  away  from  the 
turbines,  and  towards  the  spillway. 

•  Flow  Augmentation:  Includes  the  use  of  upstream  storage  for  flow  augmentation.  Flow 
augmentation  decreases  the  duration  of  downstream  migration. 

•  Spillway  Gas  Control  Measures:  Includes  the  use  of  spill  deflectors  to  allow  an  increase  in  spill  flows 
without  exceeding  the  120  percent  total  dissolved  gas  (TDG)  supersaturation. 

•  Spillway  Gas  Monitoring:  Continued  monitoring  and  control  of  TDG  levels  in  order  to  ensure 
compliance  with  state  standards. 

•  Fish  Hatcheries:  Continued  operation  and  maintenance  of  fish  hatcheries. 

•  Anadromous  Fish  Evaluation  Program  (AFEP):  Involves  biological  evaluations  of  anadromous  fish 
and  evaluations  of  proposed  dam  modifications  to  predict  resulting  impacts  to  fish. 

Refer  to  Annex  A  for  more  detailed  information,  including  the  current  operations  per  the  1995  Biological 

Opinion. 
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4.  Future  Development 

4.1  Introduction 

Measures  that  have  a  high  potential  of  increasing  the  effectiveness  and  efficiency  of  getting  fish  past  the 
dams  are  discussed  below.  These  measures  are  combined  to  form  the  Existing  System  Upgrade  options 
(see  Section  5)  and  Major  System  Improvement  options  (see  Section  6).  The  information  presented  in 
Sections  4.2  and  4.3  provides  an  overview  of  key  measures  that  could  be  used  as  part  of  either  Existing 
System  Upgrades  or  Major  System  Improvements. 

4.2  Dissolved  Gas  Abatement  Measures 

4.2.1  General 

A  Dissolved  Gas  Abatement  Study  (DGAS)  was  initiated  in  1994  to  examine  potential  methods  of 
reducing  total  dissolved  gas  (TDG)  produced  by  spillway  operations  at  the  Corps’  eight  dams  on  the 
lower  Snake  and  Columbia  rivers.  The  study  was  called  for  by  the  National  Marine  Fisheries  Service 
(NMFS)  biological  opinion  on  operation  of  the  Federal  Columbia  River  Power  System  (1995).  NMFS 
prescribed  two  reasonable  and  prudent  alternatives  (RPA  16  and  18)  that  directed  Hie  Corps  to  address 
means  to  measure,  evaluate,  and  prescribe  alternatives  to  reduce  TDG  in  the  lower  Snake  and  Columbia 
rivers. 

The  DGAS  is  being  completed  in  two  parts:  a  Phase  I  reconnaissance-level  report  and  a  Phase  II 
feasibility-level  report.  The  Phase  I  report  was  completed  in  April  1996.  The  Phase  II  report  is  scheduled 
for  completion  in  2001. 

The  Phase  I  report  recommended  several  measures  that  could  be  implemented  quickly  to  provide 
immediate  reductions  in  TDG  production.  These  measures  included  spillway  operational  changes  and 
design  and  construction  of  spillway  deflectors  at  Ice  Harbor  and  John  Day  Dams.  These  measures  have 
been  implemented  and  the  associated  benefits  were  observed  during  the  spring  of  1998. 

The  Phase  II  DGAS  studies  are  complete.  Numerous  structural  measures  that  hold  potential  for  reducing 
TDG  production  have  been  identified  and  the  system-wide  engineering  evaluation  is  complete.  The 
Phase  II  effort  and  descriptions  of  the  measures,  which  could  be  implemented  at  the  lower  Snake  River 
dams,  are  summarized  in  Annex  C  of  this  appendix. 

Various  gas  abatement  improvements  are  described  in  this  appendix.  These  DGAS  measures  will  provide 
water  quality  benefits  by  reducing  TDG  production  at  the  lower  Snake  River  dams.  The  first  DGAS 
measure  described  below  includes  installation  of  end  bay  deflectors.  This  has  been  proven  to  be  a 
significant  benefit  for  gas  abatement  at  a  relatively  low  cost.  This  proposed  improvement  has  received 
considerable  regional  support  and  has  been  made  a  part  of  all  alternatives  described  in  this  appendix. 

The  second  group  of  DGAS  options  described  below  includes  various  modifications  of  the  existing 
deflectors  and  installation  of  new  pier  extensions. 

A  third  level  of  gas  abatement  protection  may  be  provided  by  use  of  one  or  more  of  the  major  gas 
improvement  measures  defined  within  the  gas  abatement  annex  (Annex  C).  One  of  these  concepts  is  a 
powerhouse/spillway  divider  wall  at  each  dam  to  reduce  the  introduction  of  gas  into  powerhouse  exit 
flows.  This  concept  is  described  herein. 
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The  measures  described  below  would  be  designed  to  minimize  the  production  of  TDG  through  a  range  of 
normal  flows  under  current  operating  conditions.  These  would  reduce  the  TDG  concentrations  resulting 
from  current  spill  levels.  Also,  the  gas  abatement  measures  would  provide  the  ability  to  increase  spill 
volumes  for  fish  passage,  without  exceeding  the  1 20  percent  TDG  supersaturation  level  spill  cap  included 
in  the  1995  Biological  Opinion.  Other  identified  measures  could  eventually  be  recommended  following 
the  system-wide  analysis.  Refer  to  Annex  C  for  a  more  complete  description  of  all  the  DGAS 
alternatives. 

4.2.2  Additional  End  Bay  Spillway  Deflectors 

Spillway  flow  deflectors  have  been  installed  at  all  four  of  the  lower  Snake  River  dams  (Table  4-1). 
Deflectors  consist  of  a  2.4-  to  3.8-meter  (8.0  to  12.5  feet)  horizontal  lip  placed  on  the  spillway  ogee 
section  just  below  or  near  the  minimum  tailwater  elevation.  “Ogee”  refers  to  the  reverse  curve  shape  of 
the  spillway.  The  deflectors  produce  a  thin  discharge  jet  that  skims  the  water  surface  of  the  stilling  basin. 
Though  the  skimming  flow  is  highly  aerated,  spillway  discharge  is  prevented  from  plunging  and 
entraining  air  deep  into  the  stilling  basin.  Reducing  the  depth  of  plunge,  and  thus  the  hydrostatic 
pressures  acting  on  the  aerated  flow,  reduces  the  production  of  TDGs. 


Table  4-1.  Existing  Deflectors 


Dam 

No.  of 
Spillway 
Bays 

No.  of 
Deflectors 

Deflector 

Elevation 

(meters) 

Deflector 

Length 

(meters) 

Deflector 

Transition  (meters) 

Ice  Harbor 

10 

8 

103.0(338.0) 

3.81  (12.5) 

4.57  (15.0)  radius 

Ice  Harbor 

10 

2 

101.8(334.0) 

3.81  (12.5) 

4.57  (15.0)  radius 

Lower  Monumental 

8 

6 

132.2  (434.0) 

3.81  (12.5) 

Flat 

Little  Goose 

8 

6 

162.2  (532.0) 

2.44  (8.0) 

Flat 

Lower  Granite 

8 

8 

192.0  (630.0) 

3.81  (12.5) 

4.57  (15.0)  radius 

Note:  feet  in  parentheses  (feet) 

Deflectors  have  lowered  the  levels  of  dissolved  gasses  generated  by  conventional  spillways  by  as  much  as 
1 5  to  20  percent  TDG.  The  construction  of  additional  flow  deflectors  on  non-deflected  spillway  bays  will 
further  reduce  TDG  production. 

The  effectiveness  of  spillway  flow  deflectors  is  dependent  upon  the  geometry  of  the  deflector,  spillway 
discharge,  and  deflector  submergence  (tailwater  elevation  minus  deflector  elevation).  Perfonnance  is 
optimized  when  the  elevation  of  the  deflector,  associated  with  a  design  discharge  and  tailwater  elevation, 
is  set  to  provide  a  smooth  skimming  flow.  If  the  tailwater  elevation  relative  to  the  deflector  is  too  low, 
the  deflected  discharge  generates  a  plunging  flow,  subjecting  aerated  flow  to  higher  pressures.  If  the 
tailwater  elevation  is  too  high,  the  deflected  discharge  generates  a  highly  aerated  undular  flow  that  will 
also  draw  air  deep  into  the  basin. 

Additional  spillway  flow  deflectors  can  be  installed  at  some  of  the  lower  Snake  River  dams.  The  benefit 
of  added  deflectors  is  dependent  on  the  hydraulic  performance  of  the  deflector  and  the  ratio  of  deflected 
to  non-deflected  spill  flow.  Spill  patterns  developed  for  each  project  establish  the  distribution  of  spill 
through  deflected  and  non-deflected  spillway  bays  and  influence  the  generation  of  TDG.  They  are 
designed  to  maintain  acceptable  tailrace  conditions  for  adult  salmonids  seeking  upstream  passage  and 
juvenile  salmonids  migrating  downstream,  and  are  included  in  the  Corps’  annual  fish  passage  plan. 
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Both  Lower  Monumental  and  Little  Goose  spillways  have  deflectors  on  six  of  the  eight  spillway  bays. 
Thus,  these  are  the  only  two  facilities  with  the  potential  for  adding  end  bay  deflectors.  Deflectors  were 
not  constructed  in  spillway  bays  1  and  8  on  these  projects  because  of  adult  fish  passage  concerns.  Recent 
studies  indicate  adult  passage  rates  may  not  be  as  sensitive  to  deflected  flow  conditions  as  previously 
expected.  Adding  end  bay  deflectors  may  further  reduce  the  saturation  of  TDGs  without  adverse  impacts 
to  adult  passage. 

4.2.2.1  Design 

End  bay  spillway  flow  deflectors  at  Lower  Monumental  and  Little  Goose  Dams  would  be  designed  to 
provide  optimum  skimming  flow  conditions  for  spillway  flows  up  to  283.2  cubic  meters  per  second  (m'/s) 
(10,000  cubic  feet  per  second  [cfs])  per  bay  and  tailwater  elevations  up  to  135.3  meters  (444  feet)  at 
Lower  Monumental  and  165.2  meter  (542  feet)  at  Little  Goose.  Based  on  the  performance  of  the  Ice 
Harbor  deflectors  and  current  project  operating  conditions,  deflectors  in  spillway  bays  1  and  8  would  be 
3.81  meters  (12.5  feet)  long  with  a  1.2-meter  (15-feet)-radius  fillet  between  the  sloped  face  ofthe 
spillway  and  the  horizontal  surface  of  the  deflector.  The  two  additional  deflectors  would  include  pier 
nose  extensions  and  would  be  set  at  elevation  131.0  meter  (430  feet)  at  Lower  Monumental  and  161.2 
meter  (529  feet)  at  Little  Goose,  1.2  meters  (4  feet)  lower  than  the  existing  deflectors.  At  this  elevation 
the  deflectors  should  provide  optimum  hydraulic  performance  for  voluntary  fish  passage  spills  up  to  the 
120  percent  TDG  spill  levels,  which  may  range  from  198.2  to  283.2  m3/s  (7,000  to  10,000  cfs)  per  bay. 

Sectional  spillway  and  general  model  studies  will  be  required  to  verify  the  final  deflector  design.  The 
influence  ofthe  lower  deflectors  on  stilling  basin  performance  and  potential  impacts  to  tailrace  and 
stilling  basin  erosion  must  be  carefully  evaluated.  Consideration  must  also  be  given  to  adult  fish  passage 
and  the  influence  of  the  flow  deflectors  on  fishway  entrance  conditions. 

4.2.2.2  Total  Dissolved  Gas  Performance 

For  Lower  Monumental,  TDG  levels  of  120  percent  are  generated  with  a  uniform  spill  release  of  203  m3/s 
(7,170  cfs)  through  each  of  the  six  bays  with  deflectors  for  a  total  of  1,218  m3/s  (43,000  cfs).  If  the  two 
end  bay  deflectors  are  constructed  and  perform  similar  to  the  Ice  Harbor  deflectors,  the  120  percent  TDG 
spill  cap  may  increase  by  198  to  283  m3/s  (7,000  to  10,000  cfs)  per  end  bay,  potentially  raising  the  total 
120  percent  TDG  discharge  to  between  1,721  and  1,892  m3/s  (60,800  to  66,800  cfs). 

For  Little  Goose,  TDG  levels  of  120  percent  are  generated  with  a  uniform  spill  release  of  227  m3/s 
(8,000  cfs)  through  each  of  the  six  spill  bays  with  deflectors.  This  is  a  total  for  the  dam  of  1,359  m3/s 
(48,000  cfs).  If  the  two  end  bay  deflectors  are  constructed  and  perform  similar  to  the  Ice  Harbor 
deflectors,  the  120  percent  TDG  spill  cap  may  increase  by  198  to  283  m3/s  (7,000  to  10,000  cfs)  per  end 
bay.  This  may  potentially  raise  the  total  120  percent  TDG  discharge  to  1,841  m3/s  (65,000  cfs). 

4.2.2.3  Operations 

If  properly  designed,  end  bay  deflectors  should  have  no  impact  on  project  operations  except  that  they  will 
allow  additional  spill  volumes  before  the  tailrace  exceeds  the  120  percent  TDG  cap.  This  may  reduce  the 
amount  of  water  available  to  pass  through  the  existing  powerhouse  resulting  in  reduced  power  generation. 
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4.2.3  Modified  Deflectors 

The  effectiveness  of  a  flow  deflector  will  improve  if  it  can  be  designed  to  perform  over  a  wider  range  of 
spill  discharge  and  tailwater  fluctuations.  The  ideal  deflector  generates  a  smooth,  stable  skimming  flow 
across  the  water  surface  of  the  stilling  basin.  However,  the  existing  deflectors  were  designed  to  perfonn 
within  a  narrow  range  of  tailwater  elevations  and  spill  discharges.  The  deflectors  recently  constructed  at 
Ice  Harbor  and  John  Day  appear  to  perfonn  better  than  deflectors  at  other  projects  in  terms  of  gas 
production  versus  spill  discharge.  The  new  deflectors  are  3.81  meters  (12.5  feet)  long  with  a  4.6-meter 
(15-foot)-radius  transition  and  are  set  at  an  elevation  that  provides  optimal  performance  during  the  more 
typical  project  operations  under  the  current  voluntary  spill  program.  The  pier  walls  between  spillway 
bays  at  Ice  Harbor  and  John  Day  were  also  extended  to  the  end  of  the  deflectors.  Deflectors  at  other 
projects  may  be  modified  to  perfonn  more  like  the  new  John  Day  and  Ice  Harbor  spillway  deflectors. 
These  modifications  are  relatively  inexpensive  and  could  reduce  gas  levels  by  a  few  percentage  points. 

With  the  exception  of  Ice  Harbor,  current  operations  at  the  lower  Snake  River  dams  are  different  from 
those  at  the  time  of  the  original  deflector  installation.  Projects  typically  operate  at  minimum  pool 
elevations  as  required  by  the  1995  Biological  Opinion.  Voluntary  spill  resulting  in  up  to  120  percent 
TDG  supersaturation  is  requested  to  aid  fish  passage.  Turbine  discharges  are  limited  to  operations  within 
the  peak  one  percent  of  efficiency,  limiting  the  total  powerhouse  discharge  to  less  than  3,400  m3/s 
(120,000  cfs).  Each  of  these  operational  measures  cause  the  deflectors  to  function  over  a  range  of 
tailwater  elevations  lower  than  that  used  for  the  original  design. 

The  new  spillway  flow  deflectors  at  John  Day  and  Ice  Harbor  Dams  were  constructed  with  a  4.6-meter 
(15-foot)-radius  transition  (fillet)  from  the  spillway  ogee  to  the  horizontal  surface  of  the  deflector.  Lower 
Granite  was  also  constructed  with  a  4.6-meter  (15-foot)  radius  and  the  Bonneville  deflectors  have  a 
1 .8-meter  (6-foot)-radius  fillet.  The  deflectors  at  Little  Goose  and  McNary  Dams  do  not  have  a  radius 
fillet.  Two  deflectors  at  Lower  Monumental  have  a  radius  fillet.  Model  studies  and  prototype  evaluations 
indicate  deflectors  with  a  radius  transition  generate  a  smoother  and  more  stable  surface  jet. 

Pier  extensions  were  added  at  both  John  Day  and  Ice  Harbor.  The  pier  extensions  extend  the  downstream 
face  of  the  existing  piers  flush  to  the  downstream  edge  of  the  flow  deflector.  The  pier  extensions  prevent 
the  sidewall  flow  from  directly  impacting  the  flow  deflector  and  plunging  into  the  basin.  The  sidewall 
flow  rises  from  the  comers  of  the  spillway  gates  and  rides  1 .8  to  2.4  meters  (6  to  8  feet)  above  the  surface 
of  the  spillway  discharge  jet.  As  the  sidewall  flow  reaches  the  end  of  the  pier  walls  it  expands  abruptly. 
The  two  jets,  one  from  each  side  of  the  wall,  converge.  The  lower  portion  of  the  combined  jet  impacts  the 
exposed  section  of  the  deflector  immediately  below  the  pier.  The  upper  portion  reaches  beyond  the 
deflector  and  plunges  into  the  stilling  basin.  The  extension  forces  the  expansion  of  sidewall  flow  to  occur 
further  out  away  from  the  deflector,  where  the  flow  becomes  intercepted  by  the  much  more  dominant 
deflected  surface  flow,  preventing  it  from  plunging  into  the  basin.  The  hydraulic  performance  of  pier 
extensions  has  been  observed  in  the  spillway  sectional  models  of  John  Day  and  Ice  Harbor,  as  well  as  the 
prototype  structures.  Though  both  John  Day  and  Ice  Harbor  deflectors  provide  excellent  gas  reduction 
benefits,  it  is  difficult  to  determine  the  overall  influence  of  the  pier  extension  on  the  TDG  performance  of 
those  deflectors.  However,  it  is  reasonable  to  expect  that  by  preventing  the  sidewall  flow  from  entraining 
air  and  plunging  deep  into  the  stilling  basin,  the  generation  of  TDGs  will  be  reduced.  In  addition  to 
reducing  the  plunging  and  aeration  of  flow,  the  pier  walls  were  recommended  to  prevent  fish,  which  may 
be  entrained  within  the  lower  portion  of  the  sidewall  flow,  from  directly  impacting  the  exposed  section  of 
the  spillway  flow  deflector. 
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The  TDG  reduction  performance  of  deflectors  set  too  high  or  too  low,  because  of  outdated  operations, 
may  be  improved  by  raising  or  lowering  them  accordingly.  Project-specific  operations  for  a  design  range 
of  total  river  flows  must  be  established  to  optimize  the  deflector  elevation.  Given  the  percent  spill 
requirement  and  design  range  of  total  river  flow,  the  tail  water  elevations  and  unit  spill  discharges  are 
easily  identified.  The  ideal  submergence  and  deflector  elevation  can  then  be  determined  from  physical 
spillway  model  studies  and  prototype  evaluations. 

4.2.3.1  Design 

Deflector  modifications  could  include  pier  nose  extensions,  construction  of  a  smooth  radius  transition, 
and  reconstruction  of  the  deflector  at  an  optimum  elevation.  Based  on  the  performance  of  the  Ice  Harbor 
deflectors  and  current  project  operating  conditions,  the  modified  deflectors  would  be  3.8  meters  (12.5 
feet)  long  with  a  4.6-meter  (15-foot)-radius  transition  from  the  sloped  face  of  the  spillway  to  the 
horizontal  surface  of  the  deflector.  The  new  or  reconstructed  deflectors  would  be  constructed  at  an 
elevation  providing  optimum  hydraulic  performance  for  voluntaiy  fish  passage  spills  up  to  the  120 
percent  TDG  spill  levels. 

Lowering  the  existing  deflectors  would  require  removal  of  much  of  the  deflector  concrete  and 
reinforcement  steel,  making  it  more  feasible  to  remove  the  entire  deflector  and  construct  all  new 
deflectors.  However,  if  the  deflectors  are  not  lowered,  the  radius  transitions  and  pier  extensions  could 
possibly  be  constructed  without  demolishing  the  existing  deflectors,  resulting  in  significant  cost  savings. 

4.2.3.2  Total  Dissolved  Gas  Performance 

The  incremental  gas  abatement  improvements  of  each  potential  modification  are  difficult  to  estimate. 
Design  improvements  similar  to  those  implemented  at  Ice  Harbor  should  produce  similar  reductions  in 
TDG  levels.  However,  the  Ice  Harbor  tailrace  channel  is  significantly  shallower  than  the  Lower 
Monumental  channel.  The  shallower  channel  alone  may  account  for  gas  reduction  levels  of  2  to 
4  percent.  It  is  possible  that  only  a  1  to  2  percent  reduction  in  gas  levels  may  be  realized  at  each  dam  due 
to  the  radius  transitions,  pier  nose  extensions,  and  optimization  of  the  deflector  elevation. 

4.2.3.3  Operations 

Modification  of  existing  deflectors  and/or  construction  of  new  deflectors  will  not  significantly  change  or 
impact  project  operations.  However,  the  improved  deflectors  will  increase  the  spill  required  to  reach  the 
120  percent  TDG  supersaturation  spill  cap.  Increasing  spill  will  reduce  the  amount  of  water  available  for 
hydroelectric  energy  production. 

4.2.4  Powerhouse/Spillway  Separation  Wall 

Spill  released  flows  on  Lower  Snake  River  projects  retrofitted  with  deflectors  will  draw  flow  from  the 
powerhouse  into  the  stilling  basin.  The  entrainment  of  powerhouse  flow  is  visually  evident  in  general 
physical  hydraulic  models  of  Ice  Harbor  and  Lower  Granite.  It  is  also  visually  evident  at  the  four  lower 
Snake  River  dams  and  John  Day  and  McNary  Dams.  Field  tests  at  Little  Goose  and  Ice  Harbor  Dams 
indicate  as  much  as  100  percent  of  the  powerhouse  flow  can  be  drawn  into  the  stilling  basin  under  certain 
operating  conditions.  Powerhouse  flows  entrained  within  in  the  spillway  are  exposed  to  aeration  and 
pressures  that  saturate  this  flow  to  TDG  levels  typical  of  the  spillway  flow  itself. 

A  cutoff  wall  constructed  between  the  powerhouse  and  spillway  will  prevent  powerhouse  flow  from 
becoming  entrained  and  aerated  within  the  spillway’s  stilling  basin.  In  addition  to  the  gas  reduction 
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benefits  of  the  flow  separation  wall,  the  wall  will  prevent  juvenile  fish  passed  through  the  turbines  from 
being  drawn  into  the  spillway.  This  condition  has  been  observed  at  McNary  Dam  during  the  1999  turbine 
survival  studies.  The  separation  wall  will  streamline  powerhouse  flow  and  improve  current  flow  patterns 
below  the  juvenile  fishway  out-falls  and  will  reduce  or  eliminate  large  eddies  that  might  otherwise  delay 
juvenile  fish  egress  from  both  powerhouse  and  spillway  tailrace  regions. 

Both  the  Lower  Granite  and  Ice  Harbor  general  models  were  used  to  establish  the  wall  length  necessary  to 
prevent  the  entrainment  of  powerhouse  flow  into  the  spillway  stilling  basins.  Observations  of  dye 
released  in  the  models  indicate  a  wall  length  of  approximately  150  feet  extending  downstream  from  the 
existing  powerhouse/spillway  training  walls  will  prevent  powerhouse  flows  from  becoming  entrained 
within  the  spillways  stilling  basin  over  the  entire  operating  range.  The  Lower  Granite  and  Ice  Harbor 
general  models  are  1:80  and  1:55  scale  respectively.  One  to  55  scale  general  models  of  Little  Goose  and 
Lower  Monumental  will  be  completed  and  available  for  testing  by  mid-year  2001.  These  models  can  be 
used  to  further  evaluate  the  design  parameters  and  benefits  of  the  divider  wall  at  the  respective  projects. 

Two  concept  level  designs  were  developed.  Both  designs  include  two  75-foot  long  concrete  monolithic 
structures  that  are  post  tensioned.  The  first  design  concept  utilizes  sheet  pile  to  construct  the  wall  forms 
and  fills  the  form  with  mass  tremie  concrete.  The  second  design  concept  utilizes  pre-cast  concrete  cells 
set  in  place  then  filled  with  tremie  concrete.  The  design  and  construction  of  a  divider  wall  at  either  of  the 
lower  Snake  River  projects  could  take  between  3  to  4  years. 

The  walls  could  be  added  with  any  of  the  SBC  types  included  in  this  appendix.  However,  more  study  is 
required  to  determine  if  the  separators  would  be  an  appropriate  addition  to  the  dams.  Because  of  this 
uncertainty,  the  walls  were  not  included  in  any  of  the  Major  System  Improvements  alternatives  described 
herein. 

More  information  about  the  separation  walls  is  provided  in  Annex  C  of  this  report. 

4.2.5  Additional  Spillway  Bays 

Adding  more  spillway  bays  at  each  dam  would  reduce  the  generation  of  TDG  by  reducing  the  unit  spill 
discharge  requirements  and  necessary  stilling  basin  depths.  Unlike  conventional  spillways  designed  to 
pass  and  adequately  dissipate  the  energy  of  flow  for  the  Spillway  Design  Flood,  the  additional  spillway 
bays  could  be  designed  for  much  less  spill.  The  spillway  would  be  designed  specifically  to  reduce  the 
saturation  of  TDG  for  normal  or  voluntary  spill  flows,  while  improving  the  spill  passage  efficiency  and 
survival  of  juvenile  fish. 

Additional  spillway  bays  can  be  constructed  in  place  of  the  earthen  non-overflow  embankments  of  the 
lower  Snake  River  dams.  More  information  about  the  additional  spillways  is  provided  in  Annex  C  of  this 
appendix. 

4.2.6  Combined  Dissolved  Gas  Abatement  Measures 

Gas  abatement  measures  may  be  grouped  together  to  form  a  package  of  improvements.  The 
improvements  cited  in  the  DGAS  study  are  grouped  together  as  alternatives  as  follows: 

Alternative  a)  -  Adding  end  bay  deflectors  at  Little  Goose  and  Lower  Monumental  -  Total  cost  about 
$18  million. 

Alternative  b)  -  Adding  end  bay  deflectors  at  Little  Goose  and  Lower  Monumental  and 
powerhouse/spillway  separation  walls  at  each  dam  -  Total  cost  about  $94  million  to  $142  million. 
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Alternative  c)  -  Adding  end  bay  deflectors  at  Little  Goose  and  Lower  Monumental,  separation  walls  at 
each  dam,  and  additional  spillway  bays  at  each  dam  -  Total  cost  about  $1.4  billion  to  $2.2  billion. 

Alternative  “b”  provides  a  higher  level  of  gas  abatement  than  alternative  “a”,  but  at  a  higher  cost. 
Likewise,  alternative  “c”  provides  a  higher  level  of  gas  abatement  than  alternative  “a”  or  “b”  but  at  a 
significantly  higher  cost.  A  more  detailed  discussion  of  this  comparison  is  provided  in  Annex  C, 
Dissolved  Gas  Abatement  Study. 

No  recommendations  for  implementation  of  powerhouse/spillway  separation  walls  or  additional  spillway 
bays  at  each  of  the  lower  Snake  River  dams  is  included  in  this  appendix. 

More  information  concerning  engineering,  implementation  and  costs  for  each  of  the  dissolved  gas 
abatement  options  described  above  is  available  in  Annex  C  of  this  appendix. 

4.3  Turbine  Measures 

4.3.1  General 

Under  present  conditions,  direct  fish  survival  through  a  typical  lower  Snake  River  turbine  ranges  from  89 
to  94  percent.  Unless  the  natural  river  drawdown  alternative  is  selected,  it  is  likely  that  all  of  these  units 
will  require  major  repair  or  rehabilitation  in  the  next  10  to  50  years.  The  Turbine  Passage  Survival 
Program  is  currently  gathering  information  that  will  allow  an  accurate  evaluation  offish  passage  benefits 
associated  with  turbine  operational  changes  and  changes  resulting  from  the  incorporation  of  improved 
fish  passage  turbine  design  concepts.  For  the  purpose  of  this  appendix,  it  is  assumed  that  the  information 
from  the  Turbine  Passage  Survival  Program  will  be  incorporated  into  the  operation  and  design  of  the 
rehabilitated  units.  The  benefits  to  anadromous  fish  stocks  are  potentially  significant  and  cannot  be 
ignored  because  they  will  accrue  over  the  life  of  a  rehabilitated  turbine,  which  is  estimated  to  be  35  to 
50  years.  An  approximate  schedule  for  these  rehabilitations  is  given  in  Annex  D. 

4.3.2  Improved  Turbine  Operation  (3-D  Cams) 

The  most  significant  improvement  in  operation  will  result  from  optimizing  performance  of  the  turbine 
units  with  fish  diversion  devices  installed  in  the  unit.  The  installation  of  these  devices,  including  fish 
screens  and  surface  collection  structures,  can  affect  turbine  operational  efficiency  by  1  to  3  percent. 
Through  the  use  of  turbine  performance  models,  new  flow  measurement  technology  developed  in  the 
Turbine  Passage  Survival  Program,  and  prototype  tests,  new  optimized  turbine  performance  curves  with 
installed  fish  diversion  devices  will  be  developed.  The  performance  curves  relate  power  output  to 
differential  head,  flow  rates,  wicket  gate  openings,  and  blade  angles.  3-D  cams  are  computer  software 
based  upon  the  turbine  performance  curves  that  automatically  adjusts  the  wicket  gate  openings  and 
turbine  blade  angle  to  optimize  turbine  efficiency.  It  is  widely  thought  that  the  stress  on  fish  passing 
through  the  turbines  is  minimized  if  the  turbines  are  operating  at  peak  efficiency.  Therefore,  use  of  the 
3-D  cams  should  maximize  hydroelectric  production  efficiency  and  reduce  impacts  to  fish  passing 
through  the  turbines. 

4.3.3  Other  Turbine  Improvements 

Improvements  to  turbine  passage  may  be  accomplished  by  modifying  the  major  features  of  the  turbine. 
Modifications  include  the  following:  1)  re-design  runners,  2)  re-orientation  of  the  wicket  gate  and  stay 
vanes,  3)  use  of  smooth  coatings,  4)  minimizing  gaps,  5)  re-shaping  of  the  hydraulic  transitions  or 
surfaces,  and  6)  extension  of  the  draft  tube.  Results  from  the  Turbine  Passage  Survival  Program  will  be 
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used  to  decide  which  of  these  measures  will  yield  significant  improvements  to  fish  passage  through  the 
turbines.  For  estimating  purposes,  it  was  assumed  that  the  cost  for  all  items  included  in  this  section  was 
developed  from  the  costs  included  in  the  Ice  Harbor  Powerhouse  Major  Rehabilitation  Program  Report, 
dated  March  1997.  As  the  Turbine  Passage  Survival  Program  proceeds,  the  necessary  improvements  will 
be  better  defined. 

4.4  Surface  Bypass  and  Collection  Measures 

4.4.1  General 

SBC  measures  will  improve  fish  passage  conditions  by  taking  advantage  of  the  tendency  for  juvenile  fish 
to  stay  in  the  upper  portions  of  the  water  column.  SBC  designs  are  based  on  passive  fish  behavior. 
Passive  fish  behavior  refers  to  allowing  fish  to  maintain  their  natural  preferences  for  horizontal  and 
vertical  surface-oriented  distribution.  As  it  compares  to  existing  systems,  justification  for  developing 
SBC  systems  relates  to  the  following:  1)  increasing  the  number  of  juvenile  fish  guided  for  bypass  or 
collection  through  non-turbine  routes,  2)  reducing  fish  stress,  injury,  and  migration  delays,  3)  reducing 
high-spill  levels  that  are  associated  with  dissolved  gas  problems,  and  4)  losing  power  generation.  For 
total  system  designs,  final  SBC  systems  have  to  consider  surface  collection,  fish  bypass/transport,  and 
river  outfall  components.  Refer  to  Annex  B  for  more  detailed  information  on  SBC  technology  and 
conceptual  designs. 

The  Corps  began  brainstorming  sessions  in  July  1994  (receiving  input  from  consultants,  fishery  agencies, 
and  tribes)  and  has  proceeded  with  SBC  prototype  development  at  several  dams.  Concepts  discussed  and 
being  evaluated  consist  of  a  variety  of  both  fixed  and  floating  systems  used  either  alone  or  combined  with 
fish  guidance  devices  (physical  and/or  behavioral),  project  operational  changes,  with  and  without  fish 
sampling,  and  with  and  without  transport,  etc.  Biological  and  environmental  considerations,  as  well  as 
construction,  operational,  cost,  and  schedule  elements,  all  factor  into  developing  realistic  surface  oriented 
fishways  that  would  have  a  high  potential  of  improving  passage  and  survival  of  juvenile  fish  migrating 
past  Corps’  Snake  and  Columbia  River  hydroelectric  projects.  Immediate  SBC  objectives  have  been  to 
collect  information  on  SBC  performance,  designs,  and  costs  to  be  used  as  a  basis  for  comparing  SBC 
systems  with  other  options  for  improving  fish  survival  in  the  Lower  Snake  River  Feasibility  Study. 

Future  efforts  may  include  continued  development  and  investigation  of  SBC  concepts  that  appear 
promising. 

The  original  concept  of  SBC  is  founded  largely  on  the  successful  implementation  of  12  years  of  research 
and  development  of  a  system  at  Wells  Dam  on  the  mid-Columbia  River.  However,  because  there  are 
major  differences  between  Corps’  projects  and  the  Wells  hydrocombine  design  (as  well  as  differences 
between  Corps’  projects  themselves),  each  project  design  will  be  site-specific. 

4.4.2  Technology  Overview 

The  SBC  systems  are  designed  to  provide  benign,  fish-friendly,  surface-oriented  passage  systems  that 
juvenile  fish,  already  distributed  high  in  the  water  column,  can  use  to  pass  a  dam  safely.  An  example  of  a 
highly  successful,  surface-oriented  bypass  system  currently  in  use  is  at  Wells  Dam  on  the  mid-Columbia 
River.  The  Wells  Dam  system  (with  its  hydrocombine  design)  is  different  from  any  SBC  system  that 
might  be  developed  for  lower  Snake  River  projects.  However,  lessons  are  being  learned  from  the  surface 
bypass  efforts  at  Wells  Dam,  as  well  as  ongoing  SBC  work  at  other  projects  in  the  region.  Effectiveness 
and  appearance  of  these  designs  would  vary  from  project  to  project  on  the  lower  Snake  River. 
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The  premise  behind  the  SBC  designs  is  that  fish  located  upstream  of  a  dam  generally  tend  to  follow  bulk 
flow  into  the  project.  A  key  assumption  of  SBC  systems  is  that,  even  if  there  are  high  bulk  flows  going  to 
deep  powerhouse  intakes  or  deep  spillway  gate  openings,  fish  tend  to  stay  surface  oriented  (if  given  the 
opportunity)  and  pass  through  a  system  at  shallower  depths.  There  are  several  factors  that  are  believed  to 
influence  the  effectiveness  of  SBC  systems  besides  bulk  flow  influences.  The  factors  include  the  depth  of 
fish  in  the  water  column,  flownets  produced  by  SBC  structures  as  they  relate  to  turbine  and  spillway 
hydraulics,  opportunity  of  discovery  for  fish  to  find  an  SBC  fishway  entrance  prior  to  using  a  turbine  or 

spillway  flow  passage,  and  SBC  fishway  entrance  conditions  (total  volume,  velocities,  horizontal/vertical 
orientations,  etc.). 

In  the  case  of  a  powerhouse-related  SBC  component  with  fishway  entrance  slots  (as  demonstrated  by 
Wells  Dam  and  by  SBC  prototype  designs  at  other  projects,  including  the  Lower  Granite  prototype  tests), 
fish  will  enter  SBC  fishway  entrances  with  different  levels  of  success  if  given  the  option  to  take  this 
higher  passage  route.  Changes  in  the  1998  Lower  Granite  prototype  SBC  structure  incorporated  a 
simulated  Wells  intake  (SWI)  design.  This  SWI  design  effectively  makes  the  SBC  structure  deeper  and 
influences  flow  lines  approaching  the  SBC  structure  to  allow  fish  a  greater  chance  to  discover  SBC 
entrances  prior  to  passing  towards  the  turbine  intakes. 

The  design  of  a  behavioral  guidance  structure  (BGS)-related  SBC  component  is  based  on  the  observation 
that  fish  tend  to  guide  along  physical  structures  that  are  generally  lined  up  with  river  flow.  One  example 
of  this  is  at  Rocky  Reach  Dam  on  the  mid-Columbia  River  where  fish  follow  surface  flows  passing  by 
operating  generating  units  to  congregate  in  a  cul-de-sac  at  the  end  of  the  powerhouse.  Another  example  is 
at  Lower  Granite  where  fish  have  guided  along  a  relatively  shallow  trash  shear  boom.  The  BGS 
prototype  test  design  at  Lower  Granite  utilizes  this  same  principle  but  exaggerates  the  differences 
between  deep  powerhouse  intakes  and  surface-oriented  guidance  systems.  It  is  believed  that  a 
combination  of  a  general,  downstream  angled  flow  approach  in  the  forebay,  a  deep  physical  barrier  with 
relatively  low  velocities  passing  beneath  the  structure,  and  strong  SBC  fishway  entrance  surface  flows  at 
the  downstream  end  of  the  BGS  should  provide  for  passive  fish  movement  toward  the  entrance. 

The  Corps  and  others  in  the  region  have  been  involved  in  accelerated  programs  to  develop  and  evaluate 
different  variations  of  SBC  technology  for  different  locations.  There  are  no  established  criteria  for  SBC 
system  designs.  Preliminary  SBC  design  criteria  (fishway  entrance  configurations,  flow  requirements, 
number  of  fishway  slots,  structure  depths,  and  water  velocities  below  the  BGS,  etc.)  used  as  part  of  the 
SBC  Conceptual  Design  Report  for  different  design  options  were  developed  by  the  collective  judgment  of 
biologists  and  engineers  (Corps  and  non-Corps  personnel).  As  SBC  prototype  test  results  from  different 
test  efforts  become  available,  future  reevaluation  and  refinement  of  SBC  designs,  as  presented  in  the 
feasibility  study,  will  be  required  prior  to  installation  of  final  SBC  systems  at  the  different  lower  Snake 
River  projects.  Additional  work,  focusing  on  other  projects  besides  Lower  Granite,  might  include 
activities  such  as  baseline  fish  behavior  data  collection,  hydraulic  model  studies,  and  site-specific 
prototype  work. 

4.4.3  Surface  Bypass  Collector  System  Types 

4.4.3.1  General 

SBC  concepts  discussed  and  evaluated  in  a  preliminary  SBC  Conceptual  Design  Report  consisted  of  a 
variety  of  both  fixed  and  floating  systems,  used  either  alone  or  in  combination  with  fish  guidance  devices, 
project  operational  changes,  with  and  without  transport,  etc.,  at  Lower  Granite.  This  conceptual  design 
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report  was  used  as  the  basis  for  the  SBC  System  Combinations  Report  (see  Annex  B).  A  few  of  the  SBC 
concept  options  utilized  a  BGS  to  guide  fish  to  the  spillway  or  smaller  surface  collectors.  Also,  some  of 
the  options  included  a  21.3-meter  (70-foot)-deep  surface  collector,  while  other  options  included  16.7- 
meter  (55-foot)-deep  surface  collectors.  Biological  and  environmental  considerations,  as  well  as 
construction,  operational,  cost,  and  schedule  elements,  all  factored  into  developing  realistic,  surface- 
oriented  fishways.  These  designs  were  used  as  the  basis  for  the  system  combination  designs. 

In  the  preliminary  SBC  Conceptual  Design  Report,  ten  individual  SBC  design  options  for  Lower  Granite 
were  developed  and  evaluated.  Each  of  these  SBC  options  was  made  up  of  components  that  worked 
together  to  achieve  a  specific  bypass  strategy.  Some  of  these  components  have  been  tested  at  the  Lower 
Granite  SBC  prototype  to  determine  their  biological  effectiveness,  either  individually  or  in  combination 
with  each  other.  Based  on  the  information  in  the  Conceptual  Design  Report  and  results  of  the  prototype 
testing,  four  SBC  types  were  selected  for  continued  study  in  the  SBC  System  Combinations  Report.  Each 
system  combination  includes  an  SBC  type  at  each  dam.  The  four  SBC  combinations  contained  in  the 
report  and  a  fifth  SBC  combination  were  incorporated  into  Annex  B  of  this  appendix.  Four  of  the  five 
SBC  combinations  have  been  selected  for  further  discussion  herein. 

4.4.3.2  Designs  and  Operations 


General 

Each  of  the  Major  System  Improvements  option  utilizing  SBC  system  combinations  use  one  or  more  of 
seven  SBC  type  designs.  (See  Annex  B  for  a  more  detailed  explanation  of  why  these  seven  SBC  types 
were  selected.)  These  designs  are  combined  at  the  different  projects  in  such  a  way  as  to  achieve  the 
overall  migration  strategies  for  the  river,  as  discussed  in  Sections  1.3  and  1.4.  In  some  instances,  a 
particular  project  would  not  utilize  any  of  these  SBC  types.  Instead,  it  would  use  either  existing  or  new 
extended  submerged  bar  screen  (ESBS)  intake  diversion  systems  only. 

The  seven  SBC  designs  are  as  follows: 

•  Full-length  SBC  powerhouse  channel  with  dewatering  (Type  1) 

•  Full-length  SBC  powerhouse  channel  bypass  without  dewatering  (Type  2) 

•  Two-unit  SBC  powerhouse  channel  and  BGS  system,  with  dual  passage  options  (Type  3) 

•  Modified  SBC  spillway  bypass  at  one  spillbay  (Type  4). 

•  Two-unit  SBC  powerhouse  channel  and  BGS  system  with  dewatering  and  modified  spillway 
bypass  at  two  spillbays  (Type  5) 

•  Full  powerhouse  length  occlusion  structure  and  modified  spillway  bypass  at  two  spillbays 
(Type  6) 

•  Modified  SBC  spillway  bypass  at  two  spillbays  (Type  7). 

Each  one  of  these  SBC  design  types  would  look  slightly  different,  depending  on  which  project  it  would 
be  applied.  For  illustration  purposes,  SBC  Type  1 ,  2,  and  5  designs,  as  they  would  typically  be  applied  at 
a  lower  Snake  River  Dam,  are  presented  below  for  Lower  Granite  Dam  (Figures  4-1,  4-2,  and  4-4, 
respectively).  The  SBC  Type  4,  as  it  would  typically  be  applied  at  a  lower  Snake  River  dam,  is  presented 
for  Ice  Harbor  Dam  (Figure  4-3).  The  SBC  Type  6,  as  it  would  be  applied  at  Little  Goose  Dam,  is 
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presented  in  Figure  4-5.  The  SBC  Type  7,  as  it  would  typically  be  applied  at  a  lower  Snake  River  Dam, 
is  presented  below  for  Ice  Harbor  Dam  (Figure  4-6). 

SBC  Type  3  is  not  included  in  this  document  for  further  analysis.  Refer  to  Annex  B  for  more  information 
on  this  SBC  type. 


Type  1  -  Full  Length  SBC  Powerhouse  Channel  with  Dewatering 
Overview 

The  design  goal  of  SBC  Type  1  is  to  provide  a  surface  collector  system  designed  to  attract  fish  away  from 
the  turbine  intakes  across  the  face  of  the  entire  powerhouse.  The  fish  would  be  directed  to  the  existing 
juvenile  fish  bypass  gallery  inside  the  dam  where  they  would  swim  downstream  to  the  juvenile  facilities. 
The  design  allows  for  the  channel  to  be  used  in  conjunction  with  ESBS  intake  diversion  screens. 
Adequate  dewatering  of  the  fish-bearing  transport  flow  is  provided  in  the  channel  so  that  the  fish  entering 
the  SBC  can  be  delivered  to  the  existing  juvenile  fish  gallery  inside  the  dam,  where  they  would  be 
combined  with  the  fish  diverted  by  the  intake  diversion  screens.  The  gallery  is  designed  to  deliver  the 
fish  to  the  fish-handling  and  transport/release  facilities  downstream.  In  addition,  in  case  there  is  a 
problem  with  the  dewatering  portion  of  the  channel,  the  design  will  allow  for  emergency  bypass  of  the 
fish  collected  by  the  channel  directly  to  die  tailrace  via  a  spillway  bay. 

The  SBC  Type  1  design  would  vary  slightly  depending  on  where  this  structure  was  constructed.  For 
illustration  purposes,  the  SBC  Type  1  design  is  shown  in  Figure  4-1  as  it  would  be  applied  at  Lower 
Granite  Dam.  (Refer  to  Annex  B  for  a  more  detailed  description  of  how  SBC  Type  1  designs  would  be 
applied  to  Lower  Granite.  Little  Goose,  and  Lower  Monumental  Dams.) 

As  with  all  the  designs  evaluated  in  this  report,  ESBS  intake  diversion  screens  would  be  used  in 
conjunction  with  the  SBC.  Screens  are  already  in  place  at  Lower  Granite  and  Little  Goose  Dams. 

Design  and  Operational  Information 
SBC  Channel 

The  application  of  the  SBC  Type  1  design  includes  a  floating  collector  channel  that  would  span  across  the 
entire  upstream  face  of  the  powerhouse  intake  structure.  A  portion  of  the  channel  accommodates  the 
secondary  dewatering  screen  section. 

During  testing  of  the  prototype  SBC  channel  at  Lower  Granite  Dam,  there  were  indications  that  migrating 
fish  in  the  forebay  upstream  of  the  spillway  were  being  attracted  under  the  north  end  of  the  channel  and 
into  the  Unit  6  intake.  Therefore,  as  part  of  this  design,  a  cutoff  wall  is  included  below  the  channel  at  the 
end  of  the  powerhouse  closest  to  the  spillway  in  order  to  preclude  fish  movement  under  this  end  of  the 
chamiel  directly  from  the  spillway  area  into  the  closest  unit  intake. 


SBC  Entrances*  Flows*  and  Dewatering 

Three  vertical  entrances  into  the  channel  would  be  located  along  the  upstream  wall  of  the  channel.  The 
entrances  are  located  close  to  every  second  unit  joint.  Flow  into  each  entrance  is  56.6  m3/s  (2,000  cfs)  for 
a  total  combined  SBC  attraction  flow  of  170  m3/s  (6,000  cfs).  Each  entrance  is  outfitted  with  a  full-height 
semicircular  trashrack. 
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Figure  4-1.  SBC  Type  1  Design  as  Applied  at  Lower  Granite  Dam  (Plan  View) 
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Figure  4-3.  Surface  Bypass  Collector  Type  4  Design  as  Applied  at  Ice  Harbor  Dam  (Plan  View) 
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Figure  4-5.  Surface  Bypass  Collector  Type  6  Design  as  Applied  at  Little  Goose  Dam  (Plan  View) 
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Figure  4-6.  Surface  Bypass  Collector  Type  7  Design  as  Applied  at  Ice  Harbor  Dam  (Plan  View) 
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Fish  enter  the  channel  through  one  of  the  three  entrances,  each  of  which  are  4.88  meters  (16  feet)  wide. 
The  floor  of  the  channel  coincides  with  the  bottom  of  the  entrances  located  21.3  meters  (70  feet)  below 
the  forebay  water  surface.  Each  entrance  is  associated  with  a  transport  conduit  that  includes  a  primary 
dewatering  section.  The  primary  dewatering  is  accomplished  independently  for  the  flow  entering  each  of 
the  three  entrances.  After  passing  through  the  primary  dewatering  screen  section,  the  remaining  flow  in 
the  three  individual  conduits  is  progressively  combined  into  a  single  conduit  leading  to  a  common 
secondary  dewatering  screen  section.  The  secondary  screening  reduces  the  combined  flow,  which 
contains  the  fish  from  all  three  entrances,  to  a  quantity  that  can  be  added  to  the  existing  juvenile  gallery, 
approximately  0.85  mVs  (30  cfs). 


SBC  Entrance^  Operation 

Under  normal  operation,  SBC  entrances  are  all  fully  open.  Bulkhead  panels  are  provided  which  can  be 
slid  down  into  the  flow  path  both  upstream  and  downstream  of  each  of  the  three  primary  dewatering 
sections  to  shut  off  the  flow  to  the  primary  screens.  Emergency  bypass  doors  are  located  in  each  conduit 
upstream  of  the  bulkhead  guides  to  allow  for  direct  bypass  of  fish  and  flow  to  the  tailrace  when  the 
bulkheads  are  installed.  This  approach  allows  for  the  flow  through  a  single  entrance  to  be  bypassed 
directly  to  the  tailrace  in  the  event  the  screening  section  requires  maintenance,  without  impacting  the 
hydraulics  of  the  flow  through  the  remaining  entrances.  In  addition,  this  design  offers  increased 
operational  flexibility  in  that  the  flow  through  an  individual  conduit  can  be  shut  off  during  periods  of  low 
river  flow  when  all  units  are  not  operating.  In  the  event  that  the  existing  juvenile  facilities  require 
maintenance  or  downtime,  the  flow  through  all  three  entrances  can  be  bypassed  directly  to  the  tailrace  by 
placing  the  upstream  bulkheads  in  all  three  conduits  and  opening  the  emergency  bypass  doors. 


Connection  to  Existing  Juvenile  Fish  Facilities 

After  all  dewatering  is  accomplished,  the  remaining  transport  flow  is  delivered  with  the  fish  to  a  location 
at  or  near  the  Erection  Bay  portion  of  the  powerhouse.  The  transport  conduit  in  the  channel  is  outfitted 
with  a  tilting  weir  control  structure  so  that  the  final  transport  flow  can  be  maintained  at  0.85  m3/s  (30  cfs). 
Flow  over  the  control  weir  spills  into  a  stationary  channel  attached  to  the  dam.  The  channel  then  passes 
the  flow  into  the  juvenile  fish  gallery  inside  the  dam. 

An  opening  will  be  excavated  in  the  concrete  wall  to  accommodate  the  channel  and  to  allow  the  0.85  m3/s 
(30  cfs)  transport  flow  to  pass  as  an  open  channel  flow  into  the  gallery.  This  opening  will  also  house  a 
surface  skimming  cleaner  to  remove  any  floating  debris  that  accumulates.  Once  in  the  juvenile  fish 
gallety,  the  fish  are  transported  downstream  in  a  non-pressurized  flume  to  the  fish  handling  facilities  for 
eventual  transport  or  release  to  the  tailrace,  dependent  upon  the  project  and  selected  project  operations. 


Screened  Water  Discharge  to  the  Spillway 

The  screened  discharge  from  the  four  channel  dewatering  screen  sections  (three  primary  and  one 
secondary)  passes  from  the  screens  into  the  main  portion  of  the  floating  channel,  which  forms  a  common 
discharge  channel.  This  screened  flow  travels  to  a  spillway  extension  structure  (SES)  attached  to  the 
upstream  face  of  the  nearest  spillbay  piers.  The  SES  forms  a  well  upstream  of  this  spillbay  so  that  the 
Tainter  gate  can  be  used  to  regulate  and  pass  the  SBC  screened  flow.  The  SES  is  a  concrete-filled  steel 
shell  forming  two  walls  and  a  floor  bolted  to  the  upstream  face  of  this  spillbay.  The  upstream  end  of  the 
structure  is  closed  off  by  means  of  removable  steel  stop  logs.  This  design  allows  for  removal  of  the  stop 
logs  so  that  the  full  spillway  flood  discharge  capability  of  this  spillbay  can  be  maintained.  With  the 
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maximum  flood  of  record  being  less  than  half  the  combined  discharge  capacity  of  eight  spillbays,  it  is 
anticipated  that  this  procedure  would  be  required  extremely  infrequently.  However,  if  this  were  to  be 
necessary,  one  additional  step  would  be  to  install  a  closure  panel  over  the  opening  between  the  channel 
and  the  SES  to  hydraulically  separate  the  two  structures.  This  would  be  required  to  prevent  the  large  spill 
flow  passing  through  the  SES  from  creating  a  dangerously  large  head  differential  between  the  forebay  and 
the  inside  of  the  channel. 

Type  2  -  Full  Length  SBC  Powerhouse  Channel  Bypass  without  Dewatering 
Overview 

Like  the  SBC  Type  1  design,  the  goals  of  the  SBC  Type  2  channel  include  providing  a  surface  collector 
system  at  the  powerhouse  designed  to  attract  fish  away  from  the  turbine  intakes.  However,  unlike  the 
SBC  Type  1,  the  operational  goal  of  this  channel  is  to  deliver  the  fish  with  the  full  flow  directly  to  the 
tailrace,  with  no  dewatering  of  the  flow  taking  place  (i.e.,  no  dewatering  screens).  An  additional  goal  of 
this  design  is  to  provide  a  discharge  for  the  channel  that  is  a  surface  withdrawal  (rather  than  a  pressurized 
release)  and  that  also  minimizes  the  impact  on  the  ability  of  the  project  to  pass  flood  flows. 

The  SBC  Type  2  design  would  vaiy  slightly  between  projects.  For  illustration  purposes,  the  SBC  Type  2 
design  is  shown  in  Figure  4-2  as  it  would  be  applied  at  Lower  Granite  Dam.  (Refer  to  Annex  B  for  a 
more  detailed  description  of  how  SBC  Type  2  designs  would  be  applied  to  all  of  the  projects.) 

As  with  all  the  designs  evaluated  in  this  appendix,  ESBS  intake  diversion  screens  would  be  used  in 
conjunction  with  the  SBC.  The  screens  are  already  in  place  at  Lower  Granite  and  Little  Goose  Dams. 

Design  and  Operational  Information 
SBC.  Channel 

This  full-flow  bypass  design  (SBC  Type  2)  includes  a  floating  SBC  channel  that  spans  across  the  entire 
upstream  face  of  the  powerhouse  intake  structure.  The  channel  is  21.3  meters  (70  feet)  deep  by  14.0 
meters  (46  feet)  wide  with  three  collector  entrances  along  the  upstream  wall,  similar  to  the  Type  1  design. 
The  channel  extends  from  the  far  end  of  powerhouse  to  the  middle  of  the  closest  spillbay. 

The  fish  enter  the  channel  through  the  entrances,  which  are  4.87  meters  (16  feet)  wide  and  21.3  meters 
(70  feet)  high.  The  exception  to  this  is  at  Ice  Harbor  where  the  entrances  are  16.8  meters  (55  feet)  high  , 
The  floor  of  the  channel  coincides  with  the  bottom  of  the  entrances.  After  entering  the  channel,  the  fish 
are  diverted  90  degrees  towards  the  spillway.  Each  entrance  is  associated  with  an  individual  transport 
conduit.  The  width  of  each  individual  conduit  narrows  down  to  1.83  meters  (6  feet)  and  is  maintain^  at 
this  constant  width  up  to  the  part  of  powerhouse  closest  to  the  spillway  where  all  three  conduits  combine 
together  to  form  a  single  conduit  6.1  meters  (20  feet)  wide.  The  floor  of  the  conduits  slopes  up  through 
the  section  where  the  conduits  come  together.  The  combined  conduit  then  gradually  converges  to  a  width 
of  4.88  meters  (16  feet)  in  front  of  the  central  non-overflow  section  of  the  dam  where  the  conduit  makes  a 
90-degree  turn  toward  the  west  and  joins  the  fixed  SES  attached  to  the  upstream  face  of  the  closest  half  of 
the  nearest  spillbay.  All  the  flow  that  enters  through  the  collector  entrances  travels  through  the  transport 
conduits,  into  the  SES,  and  ultimately  over  the  overflow  ogee  to  the  tailrace.  This  is  different  than  a 
normal  spillway  (and  different  than  Wells  Dam  on  the  mid-Columbia  River)  because  fish  are  not  exposed 
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to  the  high  velocities  and  abrupt  pressures  changes  that  would  be  associated  with  an  underflow  spillway 
gate. 

Like  the  SBC  Type  1  channel,  a  cutoff  wall  has  been  included  below  the  channel  at  the  end  closest  to  the 
spillway  in  order  to  preclude  fish  movement  beneath  the  end  of  the  channel  near  the  spillway.  The  wall 
design  would  be  similar  to  that  described  for  the  SBC  Type  1  channel. 

SBC  Entrances  qnd_  Flows 

The  SBC  channel  has  three  vertical  entrances  through  the  upstream  wall.  The  entrances  are  located  near 
every  second  unit  joint.  Flow  through  each  entrance  is  approximately  56.6  m3/s  (2,000  cfs),  for  a 
combined  SBC  collection  flow  of  170  m3/s  (6,000  cfs),  when  the  forebay  is  at  the  minimum  operating 
pool  (MOP).  For  this  design,  the  entrances  do  not  have  full-height  debris  racks  because  most  debris 
entrained  in  the  flow  would  simply  pass  though  the  system  to  the  tailrace.  A  debris  skirt  is  placed  in  front 
of  the  entrance  to  minimize  floating  debris  entering  the  channel.  Similar  to  the  Type  1  trashrack,  this  is  a 
semicircular  shape,  but  rather  than  being  the  full  entrance  height,  it  extends  only  about  1.5  meters  (5  feet) 
deep. 

SBC  Channel to  Spillway  Connection  and  Spillway  Modification 

The  floating  structure  connects  to  a  fixed  spillway  extension  structure  (SES)  extending  from  the  face  of 
the  nearest  spillbay.  This  spillbay  is  modified  to  form  a  4.88-meter  (16-foot)-wide  overflow  ogee  for 
surface  withdrawal  from  the  SBC  channel.  Half  of  the  spillbay  is  preserved  at  its  full  depth  and  will 
function  in  the  same  manner  as  the  other  seven  spillbays,  except  at  about  half  the  discharge. 

Modifications  of  the  spillbay  include  construction  of  a  new  2.74-meter  (9.0-foot)-wide  pier  and  trunnion 
block  at  approximately  the  middle  of  the  spillbay  to  define  the  extent  of  the  full  depth  spillbay  leaving  a 
7.6-meter  (25-foot)-wide  full  depth  spillbay.  Half  of  the  spillway  will  be  filled  with  concrete  to  define  the 
new  higher  ogee  crest. 

A  new  underflow  vertical  leaf  gate  is  provided  at  the  elevated  ogee  for  on/off  control  of  the  SBC  channel 
discharge.  During  normal  operation  of  the  channel,  the  leaf  gates  are  hoisted  out  of  the  flow  path, 
allowing  free  overflow  at  the  weir  within  the  normal  SBC  operating  range  that  corresponds  to  normal 
pool  fluctuations.  At  forebay  elevations  above  nonnal  pool,  the  leaf  gates  would  either  close  completely 
or  throttle  flow.  Presumably,  forebay  elevations  higher  than  nonnal  pool  would  be  outside  the  operating 
window  of  the  SBC  fish  passage  requirements,  and  passage  of  flow  through  the  SBC  during  these  periods 
would  be  strictly  for  the  purpose  of  adding  spill  capacity  during  flood  discharge. 

To  accommodate  the  narrower  spillway  at  half  of  the  nearest  spillbay,  the  existing  Tainter  gate  would  be 
removed  and  replaced  with  a  new,  narrower  tainter  gate  sized  to  fit  the  reduced  spillbay  width  of 
7.6  meters  (25  feet).  At  project  flood  forebay  elevations,  it  is  anticipated  that  the  closest  spillbay  in  its 
modified  condition,  in  combination  with  the  SBC  capacity,  would  be  able  to  pass  about  60  percent  of  its 
pre-modified  capacity.  For  the  entire  spillway,  the  modifications  to  the  closest  spillbay  would  result  in  a 
total  discharge  capacity  over  95  percent  of  the  unmodified  project  capacity.  The  portion  of  this  total 
project  capacity  released  through  the  SBC  would  be  approximately  340  m3/s  (12  kefs). 

Raising  the  spillway  crests  would  reduce  the  total  capacity  of  the  spillway  to  pass  the  standard  project 
flood  by  about  3.8  percent  at  Ice  Harbor  and  5  percent  at  Lower  Granite,  Little  Goose,  and  Lower 
Monumental  Dams.  If  no  approval  to  reduce  spillway  capacities  by  the  amount  shown  above  is  provided, 
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alternative  methods  of  bypassing  fish  or  high  flows  may  be  implemented.  Refer  to  Section  8,4.3  and 
Annex  B  for  more  detailed  discussions  of  this  issue. 

Type  4  -  Modified  SBC  Spillway  Bypass 
Overview 

The  goal  of  the  SBC  Type  4  design  is  to  provide  an  SBC  facility  at  the  spillways  to  divert  fish  away  from 
the  powerhouse  and  toward  the  spillway.  One  or  more  spillbays  would  be  modified  so  each  provides  an 
overflow  spill  of  approximately  170  m3/s  (6,000  cfs)  at  the  surface  of  the  forebay  in  order  to  attract  and 
safely  pass  the  fish  directly  to  the  tailrace.  A  removable  spillway  weir  (RSW)  would  be  used  to  serve  this 
function  at  Ice  Harbor. 

The  SBC  Type  4  design  has  been  developed  conceptually  in  this  appendix  just  for  Ice  Harbor  Dam  (refer 
to  Annex  B).  However,  it  is  likely  that  similar  designs  could  be  applied  successfully  at  Lower 
Monumental  and  Lower  Granite  Dams.  For  illustration  purposes,  the  SBC  Type  4  design  is  shown  in 
Figure  4-3  as  it  would  be  applied  at  Ice  Harbor  Dam.  A  Type  4  design  utilizing  a  straight  line  BGS 
would  not  be  used  at  Little  Goose  Dam  because  a  straight  BGS  would  block  navigation.  Where  full 
bypass  to  a  spillway  is  the  desired  goal,  a  full  powerhouse  Type  1  SBC  design  would  be  more  appropriate 
for  Little  Goose  Dam. 

As  with  all  of  the  designs  evaluated  in  this  report,  the  turbine  intakes  located  behind  the  BGS  will  be 
outfitted  with  ESBS  intake  diversion  systems  that  would  divert  fish  passing  below  the  BGS  into  the 
existing  juvenile  gallery  and  eventually  to  the  juvenile  facilities  downstream.  In  the  case  of  Lower 
Monumental  and  Ice  Harbor  Dams,  the  intakes  are  currently  outfitted  with  an  STS  diversion  screen 
system  that  would  be  removed  and  replaced  with  a  new  ESBS  system.  ESBS  systems  are  already  in  place 
at  Lower  Granite  and  Little  Goose  Dams. 

Removable  Spillway  Weir 

The  RSW  is  a  removable  steel  ogee-shaped  structure  that  is  inserted  into  the  existing  spillbay,  creating  a 
raised  overflow  weir  above  and  upstream  of  the  existing  concrete  ogee  crest.  No  modifications,  except 
the  addition  of  support  brackets,  would  be  required  to  the  existing  spillway  to  accommodate  the  RSW. 
The  elevation  of  the  new  crest  is  designed  to  pass  approximately  170  m3/s  (6,000  cfs)  in  an  uncontrolled, 
open-channel  flow  condition  at  the  average  operating  pool  elevation.  The  flow  would  be  either  on  or  off, 
determined  by  whether  the  tainter  gate  is  in  a  fully  open  or  fully  closed  position.  Because  the  flow  is 
essentially  uncontrolled,  the  flow  rate  would  vary  depending  on  the  forebay  water  surface  elevation. 
Discharge  would  be  greater  when  the  forebay  is  at  maximum  operating  pool  and  smaller  when  at  the 
MOP. 

The  RSW  is  supported  vertically  on  hinges  attached  to  the  spillway.  During  high  river  flows,  the  RSW  is 
rotated  off  the  spillway  by  gradually  filling  flotation  tanks  within  the  RSW  with  water.  This  reduces  the 
buoyancy  of  die  RSW,  causing  it  to  rotate  upstream.  Filling  continues  until  the  RSW  is  lowered  onto  a 
landing  pad  resting  on  the  bottom  of  the  river.  This  restores  the  hydraulic  spillway  capacity.  After  the 
river  flows  drop  to  an  acceptable  level,  the  tanks  are  gradually  filled  with  air,  displacing  the  water.  This 
causes  the  RSW  to  rotate  back  into  position  on  top  of  the  spillway. 

The  best  shape  of  the  downstream  portion  of  the  RSW  to  provide  a  fish-friendly  bypass  would  have  to  be 
determined  from  prototype  testing. 
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Behavioral  Guidance  Structure 

A  BGS  is  included  in  the  forebay  to  guide  fish  away  from  the  powerhouse  and  toward  the  spillway.  The 
basic  design  and  function  of  the  BGS  is  the  same  as  was  described  for  the  Type  3  design.  However,  for 
the  Type  4  design,  the  downstream  end  of  the  BGS  would  be  located  between  the  powerhouse  and  the 
spillway.  Because  the  entire  powerhouse  flow  for  all  six  turbines  must  pass  below  the  BGS  in  this  case, 
the  BGS  must  be  considerably  longer  than  the  Type  3  BGS.  The  Type  4  BGS  would  extend  729  meters 
(2,391  feet)  upstream  at  Ice  Harbor. 

Type  5  -  Two-Unit  SBC  Powerhouse  Channel  and  BGS  System  with  Dewatering  and 
Modified  Spillway  Bypass  at  Two  Spillbays 

Overview 

The  goal  of  SBC  Type  5  is  to  provide  an  effective  method  for  collecting  juvenile  fish  for  downstream 
transportation  and  to  provide  an  effective  method  for  bypassing  fish  over  the  spillway.  Therefore,  this 
SBC  type  allows  for  varying  the  fish  migration  operational  strategy. 

The  design  goal  of  the  SBC  Type  5  surface  collector  is  to  provide  a  surface  collection  channel  that 
achieves  the  operational  objectives  of  the  SBC  Type  1  design.  That  is,  the  floating  channel  includes  a 
screened  flow  operation,  which  passes  the  fish  into  the  existing  juvenile  gallery  for  downstream 
transportation.  Unlike  the  Type  1  and  Type  2  designs,  the  SBC  Type  5  channel  extends  over  only  two 
units  at  the  spillway  end  of  the  powerhouse.  This  design  includes  a  collection  channel  extending  across 
the  front  of  two  powerhouse  units  located  at  the  end  of  the  powerhouse  nearest  the  spillway.  To  guide 
fish  away  from  the  other  units,  a  BGS  is  located  in  the  forebay.  The  BGS  would  guide  fish  to  the 
entrances  in  the  SBC.  The  channel  includes  one  entrance. 

SBC  Type  5  would  also  include  the  addition  of  two  RSWs  to  the  existing  spillway.  When  the  operational 
strategy  involves  keeping  the  fish  in  the  river  (not  transporting),  the  surface  collector  would  be  closed  off. 
The  BGS  would  guide  fish  across  the  surface  collector,  to  the  RSWs.  When  this  mode  of  operation  is 
selected,  the  RSWs  would  create  an  effective  method  of  bypassing  the  juvenile  fish  over  the  spillway 
when  it  is  decided  not  to  use  the  SBC  for  fish  transportation.  When  the  fish  migration  strategy  is  to 
transport  fish,  the  RSWs  would  be  made  inoperable  by  closing  the  existing  tainter  gates  that  allow  flow 
over  the  RSWs.  The  surface  collector  would  then  be  operated  to  collect  the  fish. 

The  SBC  Type  5  design  would  vary  slightly  depending  on  where  this  structure  is  constructed.  For 
illustration  purposes,  the  SBC  Type  5  design  is  shown  in  Figure  4-4  as  it  would  be  applied  at  Lower 
Granite  Dam.  (Refer  to  Annex  B  for  a  more  detailed  description  of  how  SBC  Type  5  designs  may  be 
applied  at  Lower  Granite  and  Lower  Monumental  Dams.)  A  Type  5  design  utilizing  a  straight  line  BGS 
would  not  be  used  at  Little  Goose  Dam  because  a  straight  BGS  would  block  navigation.  Instead,  a 
vee-shaped  BGS  would  be  needed  in  the  forebay  requiring  two  fishway  entrances  and  related  features. 

As  with  all  the  designs  evaluated  in  this  report,  ESBS  intake  diversion  screens  would  be  used  in 
conjunction  with  the  SBC.  The  screens  are  already  in  place  at  Lower  Granite  and  Little  Goose  Dams. 
Fish  diverted  by  the  ESBS  would  be  delivered  to  the  juvenile  fish  facilities  where  they  would  be  collected 
for  transport  or  returned  to  the  river. 
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SBC  Channel,  SBC  Entrances,  Flows,  and  Dewatering 

Many  of  the  SBC  channel  features  for  the  SBC  Type  5  design  are  similar  (with  a  few  subtle  differences) 
to  those  previously  described  for  the  Type  1  design.  These  features  include  a  floating  channel  with  an 
internal  fish  conduit,  a  cutoff  wall  below  the  channel  at  the  end  closest  to  the  spillway,  dewatering,  and 
connection  to  the  existing  juvenile  fish  facilities  for  the  transport  route,  as  well  as  a  channel  attachment  to 
a  stationary  SES  located  at  the  closest  spillbay. 

Each  of  the  two  entrances  is  4.88  meters  (16  feet)  wide  by  21.3  meters  (70  feet)  deep,  with  the  bottom  of 
the  channel  coinciding  with  the  invert  of  the  entrances.  Discharge  would  be  controlled  by  the  existing 
tainter  gate  in  the  spillbay  adjacent  to  the  surface  collector.  This  design  would  be  similar  to  the  design 
described  for  SBC  Type  1  previously  discussed.  The  system  is  designed  to  pass  a  relatively  constant 
entrance  flow  of  56.6  m3/s  (2,000  cfs).  Following  dewatering,  the  flow  into  the  juvenile  collection 
channel  would  be  about  0.85  m3/s  (30  cfs). 

The  design  includes  passing  screened  water  through  the  spillway  extension  structure  and  over  the 
spillway.  Because  this  water  is  not  used  for  fish  passage,  it  may  prove  to  be  cost  effective  and  feasible  to 
pump  the  screened  water  back  into  the  forebay  rather  than  passing  it  over  the  spillway.  This  would  allow 
an  RSW  to  be  placed  in  spillbay  1,  which  is  probably  the  most  desirable  location  on  the  spillway  for  an 
RSW.  Also,  it  would  allow  the  screened  water  to  be  used  for  hydropower  production.  If  this  SBC  type  is 
selected  for  further  study,  this  pumpback  option  will  be  investigated  in  more  detail. 

BGS  and  Fish  Ladder  Extension 

The  downstream  end  of  the  BGS  is  located  at  the  end  of  the  channel,  near  the  unit  joint  between  the  two 
units  closest  to  the  spillway.  The  structure  extends  from  this  location  upstream  about  489.5  meters 
(1,606  feet)  at  Lower  Granite  Dam  and  556  meters  (1,824  feet)  at  Lower  Monumental  Dam  to  reach  the 
shore.  The  upstream  end  of  the  BGS  is  closed  off  to  preclude  juveniles  from  entering  the  excluded  area 
behind  the  BGS.  An  FLE  structure  has  been  added  to  the  existing  south-bank  fish  ladder  exit  to  a  point 
approximately  one  quarter  of  the  distance  along  the  BGS.  This  ladder  extension  effectively  relocates  the 
ladder  exit  from  the  face  of  the  dam  to  a  location  on  the  upstream  side  of  the  BGS  and  gives  adult  fish  a 
direct  path  from  behind  the  BGS  to  points  upriver. 


Removable  Spillway  Weir 

SBC  Type  5  includes  two  RSWs.  An  RSW  is  a  removable  steel  ogee-shaped  structure  that  is  inserted  into 
an  existing  spillbay,  creating  a  raised  overflow  weir  above  and  upstream  of  the  existing  concrete  ogee 
crest.  No  modifications,  except  the  addition  of  support  brackets,  would  be  required  for  the  existing 
spillway  to  accommodate  each  RSW.  The  elevation  of  the  new  crest  is  designed  to  pass  approximately 
170  m  /s  (6,000  cfs)  per  RSW  in  an  uncontrolled,  open-channel  flow  condition  at  the  average  operating 
pool  elevation.  The  flow  would  be  either  on  or  off,  determined  by  whether  the  tainter  gate  is  in  a  fully 
open  or  fully  closed  position.  Because  the  flow  is  essentially  uncontrolled,  the  flow  rate  would  vary 
depending  on  the  forebay  water  surface  elevation.  Discharge  would  be  greater  when  the  forebay  is  at 
maximum  operating  pool  and  smaller  when  at  the  MOP. 

The  SBC  Type  5  design  includes  a  BGS  in  the  forebay  to  guide  fish  away  from  the  powerhouse  and 
toward  the  modified  spillway. 
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The  RSW  is  supported  vertically  on  hinges  attached  to  the  spillway.  During  high  river  flows,  the  RSW  is 
rotated  off  the  spillway  by  gradually  filling  flotation  tanks  within  the  RSW  with  water.  This  reduces  the 
buoyancy  of  the  RSW,  causing  it  to  rotate  upstream.  Filling  continues  until  the  RSW  is  lowered  onto  a 
landing  pad  resting  on  the  bottom  of  the  river.  This  restores  the  hydraulic  spillway  capacity.  After  the 
river  flows  drop  to  an  acceptable  level,  the  tanks  are  gradually  filled  with  air,  displacing  the  water.  This 
causes  the  RSW  to  rotate  back  into  position  on  top  of  the  spillway. 

The  best  shape  for  the  downstream  portion  of  the  RSW  to  provide  a  fish-friendly  bypass  would  have  to  be 
determined  from  prototype  testing.  Prototype  testing  at  Lower  Granite  is  planned  for  2001 . 

Type  6  -  Full  Powerhouse  Length  Occlusion  Structure  and  Modified  Spillway  Bypass  at 
Two  Spillbays 

Overview 

SBC  Type  6  is  intended  to  improve  in-river  passage  over  the  spillway  at  Little  Goose  Dam.  No  major 
system  improvements  for  transportation  are  included.  The  strategy  of  SBC  Type  6  is  to  reduce  the  flow 
patterns  that  attract  fish  to  the  turbine  intakes  by  installing  a  large  box  shaped  structure  called  an 
occlusion  structure  in  front  of  the  powerhouse.  The  flow  and  fish  would  then  be  directed  to  RSWs  placed 
in  spillbays  1  and  4.  The  RSWs  are  similar  to  those  described  for  SBC  Type  5. 

It  is  uncertain  that  this  strategy  would  work  well.  If  model  testing  shows  that  an  occlusion  structure  is  not 
likely  to  divert  a  high  percentage  of  fish  to  the  RSWs,  a  full  powerhouse  surface  collector  (SBC  Type  2) 
could  be  installed  that  would  collect  fish  and  bypass  them  through  Spillbay  1  or  the  central  non-overflow. 
Alternatively,  a  bypass  through  the  north  non-overflow  section  could  be  considered.  However,  this 
option  has  not  been  investigated  yet.  The  occlusion  structure  is  included  herein  to  show  a  possible 
alternative  to  a  surface  collector  at  Little  Goose.  Use  of  a  BGS  and  a  two  unit  surface  collector  is  not 
possible  because  the  BGS  would  have  to  cross  the  navigation  lock  in  order  to  be  effective. 

With  this  SBC  type,  ESBS  intake  diversion  screens  would  be  used  to  divert  fish  away  from  the  turbines. 
Fish  diverted  by  the  ESBS  would  be  delivered  to  the  juvenile  fish  facilities  where  they  would  be  collected 
for  transport  or  returned  to  the  river. 

Installation  of  an  RSW  in  spillbay  1  would  require  moving  the  trash  boom.  A  potential  location  is  shown 
on  Figure  4-5.  The  relocated  trash  boom  would  have  to  be  analyzed  and  possibly  strengthened  to  account 
for  different  loading  due  to  its  new  location. 

Occlusion  Structure 

A  large  box  shaped  occlusion  structure  would  be  placed  in  front  of  the  powerhouse.  This  structure  would 
block  downward  flow  that  now  is  directed  towards  the  powerhouse  intakes.  The  theory  is  that  fish  in  the 
upper  portions  of  the  water  column  would  not  experience  the  large  downward  flows  that  draw  them  into 
the  turbine  intakes.  Instead,  with  the  RSWs  operating,  lateral  flow  patterns  would  be  created,  drawing  the 
fish  to  the  RSWs. 

The  structural  system  for  the  occlusion  structure  consists  of  braced  structural  steel  support  frames  located 
at  the  piers  with  stiffened  steel  plate  panels  spanning  approximately  9.1  meters  (30  feet)  between  the 
frames.  The  panels  make  up  the  bottom  of  the  structure  and  a  partial  height  front  wall. 
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The  mechanical  system  requirements  for  the  occlusion  structure  center  on  the  intake  trash  rake  access 
door  and  door-opening  system.  The  doors  are  required  in  the  otherwise  solid  bottom  panel  of  the 
guidance  structure  located  just  above  and  upstream  of  the  intake  openings  across  the  length  of  the 
powerhouse.  The  doors  allow  the  trash  rake  to  access  the  trash  racks  below.  The  proposed  door  opening 
system  is  a  low-tech  solution  to  the  problem.  A  system  of  winches  and  cables  is  installed  with  the 
winches  located  on  the  parapet  wall  at  deck  level,  the  cables  being  attached  to  the  doors  through  a  series 
of  fixed  pulleys  or  blocks. 


Fish  Guidance  Efficiency  Improvements 

Observations  during  the  prototype  SBC  channel  testing  at  Lower  Granite  Dam  seemed  to  show  that  the 
presence  of  the  SBC  improved  the  fish  guidance  efficiency  (FGE)  of  the  existing  ESBS  intake  diversion 
screens.  The  occlusion  structure  could  potentially  influence  FGE  of  the  diversion  screens  either  by 
improving  fish  guidance  from  higher  in  the  forebay  to  the  turbine  intake  and/or  by  locally  improving  flow 
conditions  and  fish  guidance  within  the  turbine  intake,  across  the  screens,  and  into  the  bulkhead  slots. 
These  flow  features  could  likely  be  evaluated  or  confirmed  through  use  of  the  existing  models.  Modeling 
should  be  pursued  if  further  development  of  this  option  is  proposed. 


Removable  Spillway  Weir 

An  RSW  would  be  placed  in  spillbays  1  and  3.  Design  and  operation  considerations  for  the  RSWs  at 
Little  Goose  Dam  would  be  similar  to  those  for  Lower  Granite  Dam  (SBC  Type  5).  The  shape  of  the 
spillway  and  piers  are  similar.  However,  additional  spillbay  and  forebay  modeling  is  necessary'  to 
determine  the  optimal  flow  patterns  in  the  forebay  and  along  the  RSW. 

As  described  above,  the  goal  of  this  SBC  Type  is  to  divert  flow  in  the  upper  portions  of  the  water  column 
from  heading  towards  the  turbine  intakes.  The  RSWs  would  create  a  surface  flow  towards  the  RSWs. 
The  fish  would  then  pass  over  the  RSWs.  Operation  of  the  powerhouse  would  likely  have  a  significant 
effect  on  flow  patterns  near  the  powerhouse. 

Fish  north  of  the  RSWs  would  likely  be  attracted  to  the  RSW  in  spillbay  3,  and  not  experience  the  effects 
of  the  powerhouse  flow. 


Type  7  -  Modified  SBC  Spillway  Bypass  at  Two  Spillbays 

The  goal  of  the  SBC  Type  7  design  is  to  provide  an  SBC  facility  at  the  spillway  to  divert  fish  away  from 
the  powerhouse  and  toward  the  spillway  in  a  manner  similar  to  SBC  Type  4.  Two  spillbays  would  be 
modified  to  each  and  provide  an  overflow  spill  of  approximately  170  m3/s  (6,000  cfs)  at  the  surface  of  the 
forebay  to  attract  and  safely  pass  the  fish  directly  to  the  tailrace.  Two  RSWs  are  proposed  to  serve  this 
function.  SBC  Type  7,  as  it  is  proposed  for  Ice  Harbor,  is  depicted  in  Figure  4-6. 

The  SBC  Type  7  is  similar  to  SBC  Type  4,  except  two  RSWs  are  installed  instead  of  one.  RSWs  would 
be  placed  in  spillbays  1  and  4.  Two  RSWs  would  provide  twice  as  much  attraction  flow,  increasing  the 
chances  that  fish  would  pass  over  an  RSW.  Refer  to  Section  8.4  and  9. 1  for  detailed  information 

concerning  the  RSW.  The  BGS  is  the  same  as  included  for  SBC  Type  3  and  is  described  in  Section  8.1 
and  8.4. 

SBC  Type  7  includes  the  use  of  ESBS.  Fish  diverted  by  the  ESBS  would  be  delivered  to  the  juvenile  fish 
facilities  where  they  would  be  collected  for  transport  (except  at  Ice  Harbor)  or  returned  to  the  river. 
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4.4.4  Lower  Granite  Prototype  Tests  and  Predicted  Future  Surface  Bypass 
Collector  Performance 

4.4.4.1  Background 

Lower  Granite  Dam  was  selected  for  prototype  development  because  it  is  at  the  upper  end  of  the  system 
where  large  numbers  of  juvenile  salmon  and  steelhead  pass,  and  because  of  concern  for  stocks  listed  as 
endangered  under  the  ESA.  Efforts  at  other  projects  have  fed  into  SBC  prototype  development  efforts  at 
Lower  Granite. 

The  first  SBC  prototype  test  (a  three-unit  SBC)  at  Lower  Granite  was  conducted  in  1996.  A  repeat  of  the 
same  structure,  with  vaiying  SBC  gate  and  project  operations,  was  completed  in  1997.  Test  results 
showed  that  a  surface-oriented  juvenile  fish  system  could  safely  collect  fish  in  significant  numbers. 
However,  in  order  to  more  closely  approach  or  exceed  the  high  performance  observed  at  Wells  Dam, 
further  development  and  testing  was  completed.  In  1998,  an  SWI  was  inserted  into  the  turbine  intakes  to 
work  in  conjunction  with  the  original  SBC  structure  in  order  to  more  closely  simulate  flow  conditions  that 
occur  at  Wells  Dam.  In  addition,  a  BGS  was  tested  in  1998.  The  BGS  test  was  to  evaluate  the  concept  of 
a  deep  physical  barrier  with  relatively  low  velocities  passing  beneath  the  structure,  working  in 
combination  with  a  general  downstream  angled  river  flow  to  keep  fish  away  from  turbine  units  behind  the 
BGS. 


4.4.4.2  Predicted  Fish  Performance  for  Different  SBC  Types  Based  on  1998  Lower 
Granite  Prototype  Test  Results 

The  Lower  Granite  SBC  underwent  a  series  of  tests  from  1996  through  2000.  Generally,  entrance 
configurations  and  project  operations  were  not  similar  between  test  years.  Results  were  highly  variable 
between  test  years  and  between  monitoring  techniques  (primarily  hydroacoustics  and  radiotelemetry). 
Preliminary  results  from  1998  SBC/BGS  prototype  tests  were  used  to  develop  estimates  of  what 
performance  might  be  expected  from  a  permanent  SBC  system  at  a  dam.  These  estimates  use 
hydroacoustic  fish  passage  data  gathered  during  the  1998,  1999  and  2000  juvenile  sahnonid  outmigration 
at  Lower  Granite  Dam  on  the  Snake  River.  Hydroacoustics  provides  a  measure  of  the  run-at-large,  with 
relatively  large  sample  sizes.  Radio-telemetry  was  also  used  in  1998  and  2000  to  assess  the  performance 
of  the  SBC  and  BGS.  Radiotelemetry  provides  species  specific  information,  but  uses  relatively  small 
sample  sizes,  so  variability  is  increased.  The  data  from  the  two  studies  comport  fairly  well;  however, 
radiotelemetiy  estimates  of  SBC  passage  for  spring  chinook  and  wild  steelhead  were  generally  lower  than 
those  for  hydroacoustics.  Conversely,  some  passage  estimates  using  radiotelemetry  for  hatchery 
steelhead  were  higher  than  hydroacoustic  estimates. 

SBC  passage  estimates  for  the  various  SBC  types  were  all  derived  from  a  value  of  50  percent  for 
R(4  to  5).  This  represents  somewhat  of  an  average  for  the  last  3  years  of  testing,  in  which  the  BGS  and 
SWI  were  both  in  place.  This  means  that  50  percent  of  the  fish  passing  through  the  SBC  or  units  4  and  5 
or  the  screened  bypass  system  actually  passed  through  the  SBC.  The  FGE  value  of  82  percent  was  used 
for  all  units  with  all  SBC  types.  While  different  FGE  values  were  measured  for  different  units  and 
different  groups  of  units  under  different  configurations  of  the  SBC  and  BGS,  82  percent  represents  an 
overall  FGE  value  for  the  entire  powerhouse. 

For  a  SBC  Type  1  or  2  (full  powerhouse  with  or  without  dewatering),  it  is  estimated  that  50  percent  of  the 
fish  passing  the  powerhouse  would  pass  through  the  SBC.  Of  the  remaining  50  percent,  approximately 
41  percent  would  be  guided  by  the  screens  (FGE  value  used  for  these  analyses  is  82  percent),  leaving 


H:\WP\1346\Appendiccs\FEIS\E  -  Major  Sys  Imp\CamRdy\App_E.doc 


E4-26 


Appendix  E 


9  percent  of  the  fish  passing  through  the  turbines.  As  a  system,  this  gives  a  combined  bypass  efficiency 
(CBE)  for  SBC  and  screens  of  91  percent.  The  SBC,  in  this  case,  provides  a  9  percent  increase  in  fish 
passage  efficiency  (FPE). 

For  an  SBC  Type  3  (partial  powerhouse  with  a  BGS),  the  analysis  becomes  more  complicated.  Of  100 
fish  approaching  the  dam,  78  percent  of  those  fish  approaching  units  1  through  4  would  be  diverted  over 
to  units  5  and  6.  If  we  assume  the  initial  distribution  of  fish  to  be  equal  at  all  six  units  (with  no  BGS  in 
place),  this  means  that  approximately  85  percent  of  the  fish  are  now  in  front  of  units  5  and  6,  where  the 
SBC  is  located.  Fifty  percent,  or  43  fish,  enter  the  SBC  while  42  fish  enter  the  turbine  intakes,  where  34 
of  them  are  guided  by  the  screens  and  8  pass  through  the  turbines.  The  remaining  fish  at  units  1  through 
4  total  15.  Twelve  of  these  are  guided  and  3  pass  through  the  turbines.  To  summarize,  43  fish  pass 
through  the  SBC,  46  are  guided  by  the  screens  and  1 1  pass  through  turbines.  CBE  is  89  percent,  with  the 
SBC  providing  a  7  percent  increase  over  screens  alone  in  FPE. 

An  SBC  Type  4  consists  of  a  BGS  leading  to  a  modified  spillway  entrance.  There  is  no  SBC  associated 
with  the  powerhouse.  For  purposes  of  this  discussion,  it  is  assumed  that  a  BGS  to  the  spillway  will  divert 
fish  at  a  similar  rate  as  the  prototype  BGS  which  covered  only  the  south  half  of  the  powerhouse.  While 
the  diversion  probability  of  the  BGS  (and  thus  the  overall  FPE  also)  would  probably  be  lower  under  this 
condition,  it  reflects  the  only  measurement  that  is  available:  what  was  measured  on  the  prototype  in 
1998.  This  being  the  case,  78  percent  of  the  fish  approaching  the  powerhouse  would  be  diverted  to  the 
spillway.  The  remaining  22  percent  would  enter  the  turbine  intakes  with  18  being  diverted  by  the  screens 
and  4  passing  through  the  turbines.  This  gives  an  FPE  (or  CBE)  of  96  percent.  The  BGS  with  spillway 

passage  provides  a  14  percent  increase  over  screens  alone.  This  system  has  no  provisions  for  transport  of 
fish. 

SBC  Type  5,  would  have  a  BGS  with  a  partial  powerhouse  surface  collector  for  transport  only  and  RSWs 
in  spillbays  3  and  5.  These  structures  would  be  used  in  combination  with  ESBSs.  It  is  assumed  that  the 
RSWs  would  be  operated  during  times  that  it  is  desirable  to  have  fish  migrating  in  the  river,  while  the 
surface  collector  would  operate  during  times  that  transportation  was  the  preferred  fish  migration  tool. 
When  operating  with  just  the  surface  collector,  performance  would  be  similar  to  a  SBC  Type  3,  Because 
we  have  no  information  on  the  performance  of  RSWs  at  this  time,  it  is  impossible  to  try  and  predict  what 
percentage  of  fish  will  pass  over  them  under  various  conditions.  It  will  be  assumed  for  this  analysis  that 
the  performance  will  be  similar  to  a  partial  powerhouse  SBC,  FPE  should  be  similar  for  both  of  these 
options  (partial  powerhouse  SBC  and  two  RSWs,  with  BGS). 

SBC  Type  6  consists  of  an  occlusion  structure  in  front  of  the  powerhouse  together  with  two  RSWs.  There 
is  some  evidence  that  an  occlusion  structure  in  front  of  a  powerhouse  may  positively  influence  FGE, 
although  the  exact  mechanism  is  not  known.  This  has  not  been  definitively  tested  and  the  tests  which 
seem  to  show  this,  at  Lower  Granite  in  1998  and  2000,  were  confounded  by  the  presence  of  the  BGS  in 
front  of  the  units  that  did  not  have  the  occlusion  (the  SBC  in  this  case).  Also,  as  stated  in  the  previous 
section,  there  are  currently  no  test  results  for  the  RSW  and  it  is  unknown  what  the  FPE  and  effectiveness 
of  this  type  of  structure  will  be.  Given  these  caveats,  we  can  speculate  that  the  occlusion  device  will 
result  in  a  small  increase  in  FGE  for  the  ESBSs  and  may  tend  to  discourage  fish  from  entering  the  turbine 
intakes.  This  would  tend  to  increase  the  effectiveness  of  the  spillway  in  general,  and  the  RSWs  in 
particulai.  Spillway  effectiveness  has  been  measured  at  Lower  Granite  in  recent  years  in  conjunction 
with  SBC  testing,  with  values  usually  between  1  and  1 .5. 
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Table  4-2.  Surface  Bypass  Collector  Performance  Data  Presented  as  a  Percentage  of  All 
Fish  Approaching  the  Powerhouse  (Not  Spilled) 

SBC  Type  FGE  and  CBE  Fish  Passage  Route 

FGE  CBE  Increase  Screened  Turbine  Project 

_ Alone  %  % _ % _ Bypass  %  SBC  % _ % _ Survival*  % 


Type  1,  2 

82 

91 

9 

41 

50 

9 

98.6 

Type  3 

82 

89 

7 

43 

46 

11 

98.3 

Type  4 

82 

96 

14 

18 

78 

4 

99.1 

*  Survival  Number  Assumptions:  SBC=99.5%,  Screened  Bypass=99.5%,  Turbine=89% 


SBC  Type  7  includes  a  BGS  to  the  spillway  with  RSWs  in  spillbays  1  and  3.  This  option  would  most 
likely  be  used  at  Ice  Harbor.  Again,  without  any  test  results  for  the  RSW,  it  is  difficult  to  predict  how  this 
combination  would  perform.  It  is,  however,  very  similar  to  SBC  Type  4,  and  performance  would 
probably  be  similar  if  BGS  diversion  were  as  high  as  with  the  prototype  at  Lower  Granite. 

4.4.5  Rationale  Used  for  Development  of  Surface  Bypass  Collector  Types  Used 
for  Different  Surface  Bypass  Collector  System  Combinations 

4.4.5.1  General 

An  SBC  Conceptual  Design  Report  completed  in  1998  included  ten  SBC  options  for  Lower  Granite  Dam. 
The  options  were  compared  to  one  another  to  determine  the  best  transportation,  bypass,  and  adaptive 
migration  strategy  options  for  future  consideration  at  the  lower  Snake  River  facilities.  The  goal  was  to 
develop  several  rational  SBC  systems  to  be  investigated  further.  Several  meetings  were  held  by  Corps 
biologists  and  engineers  to  discuss  which  SBC  options  should  be  used  for  development  of  the  SBC 
system  combinations.  The  Corps  coordinated  with  regional  specialists  to  achieve  a  consensus  on  the  SBC 
system  combinations  to  be  studied. 

The  SBC  combinations  selected  are  described  in  detail  in  the  Surface  Bypass  and  Collection  System 
Combinations  Conceptual  Design  Report  (SBC  Combinations  Concept  Report).  The  report  was 
completed  in  December  1998  and  is  included  in  full  in  Annex  B.  The  Major  System  Improvements 
options  included  in  this  appendix  are  based  upon  this  report.  The  following  sections  reference  the  SBC 
Combinations  Concept  Report. 

Because  there  is  currently  no  widespread  regional  agreement  on  whether  transporting  the  juvenile  fish  is 
better  or  worse  than  keeping  the  fish  in-river,  it  was  decided  to  develop  several  system  combinations. 

Two  SBC  system  combinations  that  keep  fish  in-river  for  downstream  migration  will  be  investigated  in 
this  appendix.  Also,  there  are  two  SBC  combinations  investigated  that  utilize  a  fish  transportation  system 
with  one  combination  at  a  significantly  reduced  cost.  Finally,  there  is  another  system  combination 
studied  in  this  appendix  that  allows  for  both  transportation  and  in-river  bypass. 

4.4.5.2  SBC  Structure  with  SWI  Component 

The  preliminary  data  from  the  SBC  prototype  testing  indicated  that  the  SWI  and  ESBS  worked  well 
together  to  achieve  a  high  collection  rate.  Because  of  this,  21.3-meter  (70-foot)-deep  surface  collectors 
were  selected  over  16.7-meter  (55-foot)-deep  surface  collectors  for  further  consideration  at  Lower 
Granite,  Little  Goose  and  Lower  Monumental  Dams.  At  Ice  Harbor  Dam,  the  forebay  depth  is 
considerably  shallower  and  the  powerhouse  structure  is  configured  such  that  a  16.7-meter  (55-foot)-deep 
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surface  collector  would  appear  more  appropriate  for  working  together  with  the  ESBS.  Use  of  ESBS 
intake  diversion  screen  systems  is  assumed  for  each  SBC  type,  at  each  project,  for  each  system 
combination. 

4.4.5.3  SBC  Structure  with  BGS  Component 

The  performance  data  for  the  BGS  were  inconclusive  at  the  time  of  development  of  the  SBC 
combinations.  Also,  as  described  in  Annex  B,  the  cost  for  a  deep  full  powerhouse  surface  collector  with 
dewatering  is  only  about  15  percent  higher  than  for  a  deep  partial  powerhouse  surface  collector  with 
dewatering  and  a  BGS.  Also,  it  was  felt  that  if  a  full  powerhouse  surface  collector  were  feasible  then  a 
partial  powerhouse  surface  collector  with  a  BGS  would  also  be  feasible.  The  reason  for  this  is  that  the 
most  challenging  aspect  of  development  of  a  full  powerhouse  SBC  is  the  large  scale  dewatering,  assumed 
to  be  about  1 70  m  /s  (6,000  cfs).  A  partial  powerhouse  surface  collector  would  have  much  less 
dewatering,  approximately  56.6  m3/s  (2,000  cfs).  Also,  development  of  a  BGS  was  found  to  be  feasible 
in  the  SBC  Combinations  Conceptual  Report.  For  the  reasons  stated  above,  it  was  felt  that  a  reasonable 
choice  for  the  bypass  and  transport  SBC  system  combinations  would  include  foil  powerhouse  surface 
collectors.  If  it  is  later  found  conclusively  that  the  BGS  testing  is  indeed  successful,  then  it  is  likely  that 
less  expensive  partial  powerhouse  surface  collectors  with  BGSs  could  be  developed  in  lieu  of  foil 
powerhouse  surface  collectors  to  collect  fish  for  transportation.  Also,  the  BGSs  could  be  used  in  lieu  of 
foil  powerhouse  surface  collectors  to  guide  fish  directly  to  a  spillbay  for  bypass.  However,  concern  was 
raised  regarding  the  complete  exclusion  of  BGSs  from  the  SBC  Combinations  Concept  Report.  It  was 
agreed  that  it  was  inappropriate  to  exclude  consideration  of  this  emerging  technology  prior  to  the 
completion  of  prototype  testing.  Consequently,  it  was  decided  to  include  BGSs  in  the  Adaptive  Migration 
Strategy  System  Combination  described  in  the  SBC  Combinations  Concept  Design  Report,  That  way, 
BGS  technical  and  cost  issues  would  be  included  in  the  report. 

The  most  recent  results  from  the  prototype  testing  indicate  the  BGS  is  effective  at  guiding  fish.  Because 
of  this,  a  Major  Systems  Improvements  option,  not  contained  in  the  SBC  Combinations  Concept  Design 
Report,  is  included  in  this  appendix  (Option  A-6d).  This  additional  option  includes  use  of  BGSs  to  guide 
fish  to  the  spillway. 

4.4.5.4  Dewatering 

The  SBC  Combinations  Conceptual  Design  Report  for  Lower  Granite  Dam  included  a  dewatering  system 
for  a  foil  poweihouse  surface  collector  utilizing  conventional  dewatering  criteria.  Conventional  criteria 
includes  a  0.12  m/s  (0.4  ft/s)  screen  approach  velocity  component,  as  defined  by  NMFS,  for  screen 
applications  where  salmonid  fry  may  be  present.  Also,  the  conceptual  design  report  included  several  foil 
and  partial  powerhouse  surface  collector  options  utilizing  more  progressive  dewatering  criteria.  The 
criteria  includes  a  higher  screen  approach  velocity,  varying  gradually  between  0.36  m/s  (1.2  ft/s)  in  the 
upstream  portion  of  the  dewatering  channel  to  the  NMFS  mandated  0.12  m/s  (0.4  ft/s)  in  the  downstream 
portion  of  the  channel.  Preliminary  dewatering  model  testing  utilizing  the  progressive  criteria  has  been 
completed  and  has  provided  promising  results.  However,  more  model  testing  and,  eventually,  foil-size 
prototype  testing  would  be  required  to  determine  the  foil  effects  of  various  dewatering  scenarios  on  fish. 
Use  of  the  conventional  dewatering  criteria  would  result  in  a  much  larger  and  more  expensive  surface 
collector.  Also,  the  fish  entrances  would  be  further  upstream,  and  the  fish  would  experience  a  longer 
travel  time  through  the  surface  collector.  For  all  these  reasons,  it  was  decided  that  the  surface  collectors 
developed  for  the  SBC  Combinations  Concept  Report  would  utilize  "progressive"  dewatering  criteria. 
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Although  not  evaluated  as  part  of  this  report,  energy  conservation  measures  related  to  excess  flows 
removed  during  dewatering  will  be  evaluated  in  future  studies.  This  may  mean  that  excess  SBC 
discharge  may  be  routed  to  a  turbine  to  capture  the  energy  that  would  be  lost,  or  water  may  be  added  to 
adult  collection  systems  in  order  to  take  the  place  of  flow  currently  provided  by  pumps  or  fishwater 
turbines. 


4.4.5.5  Spillway  Fish  Bypass  Structure 

Regional  experts,  including  Corps  biologists  and  engineers,  compared  methods  of  bypassing  fish  over  the 
spillway.  One  method  included  in  the  SBC  Combinations  Concept  Report  utilized  a  chute  structure  to 
guide  fish  over  the  spillway.  With  the  chute  design,  the  fish  would  experience  a  high-velocity  free  plunge 
from  the  end  of  the  chute  into  the  spillway  tailwater.  This  would  be  a  near-vertical,  drop-off  at  the  end  of 
the  chute,  as  opposed  to  a  spillway-type  flow  that  is  supported  by  the  spillway  concrete  and  guided  into 
the  tailwater.  This  free  plunge  was  seen  as  possibly  being  detrimental  to  the  fish.  Another  method 
developed  in  the  report  included  raising  the  spillway  crest.  This  method  was  seen  as  likely  causing  less 
fish  stress  because  it  would  discharge  the  fish  into  the  tailwater  in  the  same  way  the  existing  spillway 
does  and  would  include  no  free  plunging  water.  Consequently,  the  in-river  bypass  and  adaptive  migration 
strategy  SBC  system  combinations  contained  in  the  SBC  Combinations  Concept  Report  include  raised  or 
modified  spillbays. 

4.5  Miscellaneous  Measures 

4.5.1  General 

Miscellaneous  measures  to  upgrade  present  facilities  to  state-of-the-art  designs  and  operations  are 
assumed  to  consist  of  items  listed  in  the  following  sections.  A  description  of  how  these  improvements 
may  be  grouped  together  to  improve  the  existing  system’s  effectiveness  for  bypassing  and/or  transporting 
fish  is  included  in  Section  5  of  this  appendix. 

4.5.2  Adult  Fish  Attraction  Modifications 

The  adult  fish  attraction  water  at  selected  projects  would  be  modified  in  order  to  ensure  an  adequate  water 
supply  for  the  fish  ladders  in  the  event  of  a  pump  failure.  This  may  include  electrical  upgrades  to  provide 
a  more  reliable  source  of  electrical  power  to  the  attraction  water  pumps,  upgrading  existing  pumps, 
adding  new  pumps,  or  adding  a  gravity  feed  system  for  the  attraction  flow. 

4.5.3  Upgrade  to  Lower  Granite  Juvenile  Fish  Facilities 

Lower  Granite  Dam  is  the  first  dam  downstream  that  migrating  juvenile  fish  pass  on  the  lower  Snake 
River.  Under  a  fish  transportation  operating  scenario,  without  in-river  bypass,  the  highest  percentage  of 
fish  transported  downstream  from  the  lower  Snake  River  would  be  transported  from  Lower  Granite  Dam. 
Under  an  in-river,  bypass-only  operating  scenario,  all  downstream  migrating  fish  would  pass  Lower 
Granite  Dam.  Therefore,  it  is  important  to  incorporate  improvements  to  minimize  fish  stress  and  to 
optimize  the  effectiveness  of  the  juvenile  fish  facility  at  Lower  Granite  Dam.  Listed  below  are  potential 
improvements  to  the  Lower  Granite  facility.  The  selection  of  specific  items  for  implementation  depends 
upon  whether  the  facility  would  be  used  for  fish  transport,  bypass,  or  both.  The  proposed  modifications 
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are  derived  from  improvements  in  fish  facility  technology  gained  in  recent  years.  Upgrading  the  juvenile 
fish  facilities  at  Lower  Granite  would  include  the  following: 

•  Replacing  the  thirty-six  (36)  254-millimeter  (10-inch)  orifices  extending  from  the  bulkhead  slots  to 
the  juvenile  fish  collection  gallery  with  thirty-six  (36)  305-millimeter  (12-inch)  orifices.  Each  orifice 
would  be  equipped  with  an  air  operated  knife  valve,  and  an  air  back-flush  system  for  dislodging 
debris.  The  valves  would  be  automated  and  controlled  with  a  programmable  logic  control  computer 
so  they  could  be  cycled  to  prevent  clogging. 

•  Mining  the  galleiy  to  a  2.7-meter  (9-foot)-width  so  orifice  flow  would  not  strike  the  far  wall.  The 
gallery  is  currently  1.8  meters  (6  feet)  wide. 

•  Mining  an  exit  channel  from  the  dam  out  to  daylight,  and  installing  a  non-pressurized  flume  system  to 
the  fish  collection  facility. 

•  Installing  a  dewatering  system  to  reduce  the  flow  from  7.08  m3/sec  (250  cfs)  to  0.85  m3/sec  (30  cfs), 
similar  to  the  design  at  Little  Goose  Dam,  and  routing  the  excess  water  to  the  adult  fish  collection 
facility. 

•  Installing  a  size  separator  to  separate  smaller  (primarily  salmon)  from  larger  (primarily  steelhead) 
smolts  so  smaller  and  larger  smolts  can  be  transported  in  separate  truck  or  barge  compartments. 

•  Upgrading  raceways  and  distribution  flume  systems  at  the  collection  facility. 

•  Upgrading  direct  barge  loading  facilities. 

4.5.4  Additional  Fish  Barges 

Additional  barges  would  be  constructed  to  allow  direct  loading  (thus  reducing  fish  stress)  at  collector 
dams.  Five  additional  22,700-kilogram  (50,000-pound)  barges  would  be  required  to  allow  direct  loading 
at  lower  Snake  River  collector  dams  and  to  replace  two  existing  barges.  The  two  barges  being  replaced 
are  old  hulls  (over  50  years  old)  approaching  the  end  of  their  serviceable  life. 

4.5.5  Modified  Fish  Separators 

If  prototype  testing  proves  successful,  fish  separators  would  be  modified  to  improve  fish  separation  and  to 
reduce  fish  stress,  delay,  and  mortality  at  existing  juvenile  fish  facilities.  The  new  separators  would  be 
installed  at  Little  Goose  and  Lower  Monumental  Dams  and  would  be  included  in  an  upgrade  of  the  Lower 
Granite  Juvenile  Fish  Facility. 

4.5.6  Cylindrical  Dewatering  Screens 

If  prototype  testing  proves  successful,  cylindrical  dewatering  screens  may  be  added  to  existing  juvenile 
fish  facilities  in  order  to  improve  dependability,  and  debris  handling  capabilities,  as  well  as  to  reduce  fish 
stress.  A  cylindrical  dewatering  screen  design  is  under  consideration  that  may  be  an  improvement  over 
existing  stationary  screen  designs.  If  testing  shows  the  cylindrical  dewatering  screens  are  beneficial,  they 
would  likely  be  installed  at  Little  Goose,  Lower  Monumental,  Ice  Harbor  Dams,  and  included  in  an 
upgrade  of  the  Lower  Granite  Juvenile  Fish  Facility. 


H:\WP\ 1346\Appendices\FEIS'E  -  Major  Sys  In^\CamRdy\App_E.doc 


E4-31 


Appendix  E 


4.5.7  Trash  Shear  Boom  at  Little  Goose  Dam 

A  new  trash  shear  boom  would  be  constructed  in  the  forebay  of  Little  Goose  Dam  to  capture  more  of  the 
debris  before  it  can  get  to  the  juvenile  fish  facilities.  This  debris  creates  maintenance  problems,  such  as 
plugging  of  orifices,  which  can  lead  to  additional  stress  on  the  fish. 

4.5.8  Modified  Extended  Submersible  Bar  Screens  at  Turbine  Intakes 

Submersible  bar  screens  at  Lower  Granite  and  Little  Goose  Dams  would  be  modified  to  improve  their 
operability  and  longevity.  Modifications  might  include  reducing  vibration  that  causes  steel  fatigue  and 
cracking  and  better  sealing  underwater  mechanical  equipment  to  prevent  water  intrusion.  Currently, 
facilities  do  not  exist  at  the  dams  to  perform  large-scale  maintenance.  The  extended  submerged  bar 
screens  (ESBS)  would  have  to  be  moved  off  site  to  perform  this  work. 

4.5.9  Additional  Flow  Augmentation 

Currently,  additional  flow  from  upstream  storage  in  Idaho  is  used  to  increase  the  total  river  flow  in  order 
to  speed  downstream  migration  of  juvenile  fish.  This  is  a  requirement  of  the  1995  Biological  Opinion. 
Many  of  the  options  for  operating  the  river  described  later  in  this  appendix  assume  the  continued  use  of 
flow  augmentation  or  an  increased  amount  of  flow  augmentation. 

4.5.10  Anadromous  Fish  Evaluation  Program 

There  will  be  continued  monitoring  and  biological  evaluations  of  anadromous  fish  due  to  any  significant 
changes  made  in  the  dam  facilities  and  operations.  The  biological  evaluations  are  conducted  in  three 
phases:  1)  identification  of  the  problem,  2)  evaluation  of  proposed  modifications  to  the  facilities  or 
operations  to  address  the  problem,  and  3)  evaluation  of  post-construction/operation  performance. 
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5.  Existing  System  Upgrades 

5.1  Introduction 

Juvenile  fish  presently  pass  the  dams  through  turbines,  fish  bypass  systems,  or  over  spillways.  In 
accordance  with  the  1995  Biological  Opinion  NMFS  issued  for  operation  of  the  Federal  Columbia  River 
Power  Systems,  the  Corps  also  implements  flow  augmentation  and  increased  spill  measures  to  help 
migration.  Intake  screens  are  used  to  guide  most  of  the  fish  away  from  turbines  and  into  bypass  systems. 
Juvenile  fish  are  then  routed  back  to  the  river  or  into  barges  or  trucks  for  transport  downriver.  The 
1995  Biological  Opinion  currently  states  that  about  50  percent  of  the  juveniles  are  to  be  transported. 

Existing  Systems  (see  Section  3)  consist  of  continuing  present  fish  passage  facilities  and  operations  that 
were  in  place  or  under  development  at  the  time  the  feasibility  study  was  initiated.  This  includes  non-fish- 
related  items  as  well,  when  considering  operation  and  maintenance  costs.  Items  to  be  added  to  present 
systems  (i.e.,  Existing  System  Upgrades)  are  considered  important  measures  to  upgrade  existing  facilities 
to  state-of-the-art  designs  and  operations.  Depending  upon  the  alternative  being  evaluated,  ongoing 
improvements  would  include  such  things  as  modified  turbine  intake  screens,  additional  fish  transport 
barges,  additional  end  bay  flow  deflectors  on  spillways,  turbine  modifications,  and  others. 

Proposed  upgrades  to  the  existing  system  vary  somewhat  depending  upon  the  assumed  method  of  aiding 
fish  migration  (i.e.,  whether  the  fish  are  transported  or  bypassed).  Various  upgrades  are  grouped  together 
as  options  to  improve  the  effectiveness  of  these  operational  scenarios.  These  options  and  the 
corresponding  upgrades  are  described  below. 

5.2  Option  A-la:  In-RIver  Passage  with  Voluntary  Spill 

5.2.1  General 

Option  A-la  assumes  that  the  juvenile  fishway  systems  will  be  operated  to  maximize  in-river  fish  passage 
and  that  voluntary  spill  will  be  used  to  bypass  fish  through  the  spillways. 

Measures  for  Option  A-la  that  would  likely  be  used  to  upgrade  existing  systems  are  identified  in  the 
following  sections. 

5.2.2  Dissolved  Gas  Abatement  Measures 

Because  the  fish  would  remain  in  the  river  and  voluntary  spill  would  be  used  to  attract  the  fish  to  the 
spillway,  it  is  important  to  implement  dissolved  gas  abatement  improvements.  Dissolved  gas  abatement 
measures  are  listed  below. 

•  Spillway  gas  monitoring  for  all  projects  would  be  continued. 

•  Two  end-bay  deflectors  would  be  added  at  Lower  Monumental  and  Little  Goose  Dams.  The 
added  deflectors  would  include  smooth  radius  transitions  and  pier  nose  extensions.  See  Section 
4.2.2  for  further  information  related  to  additional  end-bay  deflectors. 

•  The  existing  deflectors  at  Lower  Monumental,  Little  Goose,  and  Lower  Granite  Dams  would  be 
modified.  See  Section  4.2.3  for  further  information  related  to  modified  deflectors. 
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5.2.3  Turbine  Measures 

Because  of  the  tremendous  costs  of  implementing  major  changes  to  the  turbines,  it  is  assumed  that 
improvements  to  die  turbines  to  improve  fish  passage  will  be  incorporated  in  the  scheduled  turbine 
rehabilitation  for  each  project.  The  exact  nature  of  this  modification  has  not  yet  been  determined.  For  the 
purpose  of  this  study,  a  minimum  gap  runner  design  will  be  installed  in  each  turbine.  This  will 
approximate  the  cost  of  incorporating  fish  passage  measures  with  existing  turbines. 

5.2.4  Miscellaneous  Measures 

Unless  specifically  identified,  the  existing  features,  improvements  to  existing  features,  and  new  features 
that  are  listed  below  would  apply  to  all  four  lower  Snake  River  projects.  (See  Section  4.5  for  additional 
discussion  related  to  these  items.)  The  items  include  the  following: 

•  Existing  adult  fish  passage  systems  with  upgraded  adult  fish  passage  modifications 

•  Existing  juvenile  fish  bypass  and  collection  systems  with  upgrades  to  the  Lower  Granite  Juvenile 
Fish  Facilities  (less  separator,  raceway,  distribution  flume,  and  direct  barge  loading  upgrades  at 
Lower  Granite  Dam) 

•  Minimum  operating  pools  (MOP)  with  527  million  cubic  meters  (427,000  acre-feet)  flow 
augmentation  from  upstream  storage  in  Idaho.  Refer  to  Section  7  in  Annex  A  for  more 
information 

•  New  cylindrical  dewatering  screens 

•  Trash  shear  boom  at  Little  Goose  Dam 

•  Modification  of  the  existing  extended  submerged  bar  screens  (ESBS)  at  Little  Goose  and  Lower 
Granite  dams 

•  Continued  operation  of  the  fish  hatcheries 

•  Continuation  of  AFEP  evaluations. 

5.3  Option  A-2a:  Maximizing  Transport 

5.3.1  General 

Option  A-2a  assumes  that  the  juvenile  fishway  systems  will  be  operated  to  maximize  fish  transportation. 
Under  this  option,  fish  would  be  bypassed  only  at  Ice  Harbor  Dam.  Therefore,  voluntary  spill  is  included 
only  for  Ice  Harbor  Dam. 

Measures  for  Option  A-2a  that  would  likely  be  used  to  upgrade  existing  systems  are  identified  in  the 
following  sections. 

5.3.2  Dissolved  Gas  Abatement  Measures 

Because  most  fish  would  be  transported  and  voluntary  spill  is  used  only  at  Ice  Harbor  Dam,  it  was 
decided  that  modifying  the  existing  deflectors  was  not  necessary.  However,  additional  end-bay  deflectors 
at  Lower  Monumental  and  Little  Goose  Dams,  as  described  for  Option  A-l  a,  were  included  in  this  option. 
Also,  spillway  gas  monitoring  would  be  continued. 
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5.3.3  Turbine  Measures 

For  this  alternative,  improvement  to  the  turbine  designs  that  will  improve  fish  passage  will  likely  be 
incorporated  during  the  scheduled  turbine  rehabilitation  for  the  particular  project.  This  is  the  same 
assumption  as  is  included  for  Option  A- la. 

5.3.4  Miscellaneous  Measures 

Unless  specifically  identified,  the  existing  features,  improvements  to  existing  features,  and  new  features 
that  are  listed  below  would  apply  to  all  four  lower  Snake  River  projects.  This  is  the  same  list  of 
improvements  as  is  included  for  Option  A-la,  except  for  the  following:  1)  new  barges,  2)  new  separators 
at  Lower  Granite,  Little  Goose  and  Lower  Monumental  Dams,  and  3)  the  existing  juvenile  facility  at 
Lower  Granite  Dam  would  have  more  extensive  modifications  to  improve  juvenile  fish  transportation 
operations.  See  Section  4.5  for  additional  discussion  related  to  these  items.  The  list  of  items  for  this 
option  include  the  following: 

•  Existing  adult  fish  passage  systems  with  upgraded  adult  fish  passage  modifications 

•  Existing  juvenile  fish  bypass  and  collection  systems  with  upgrades  to  the  Lower  Granite  Juvenile 
Fish  Facilities 

•  MOP  with  527  million  cubic  meters  (427,000  acre-feet)  flow  augmentation  from  upstream 
storage  in  Idaho 

•  Additional  fish  barges 

•  Modified  fish  separators  at  Little  Goose,  Lower  Monumental,  and  Lower  Granite  Dams 

•  New  cylindrical  dewatering  screens 

•  Trash  shear  boom  at  Little  Goose  Dam 

•  Modification  of  the  existing  ESBSs  at  turbine  intakes  at  Little  Goose  and  Lower  Granite  Dams 

•  Continued  operation  of  the  fish  hatcheries 

•  Continuation  of  AFEP  evaluations. 

5.4  Option  A-1 :  Adaptive  Migration  Strategy  with  Voluntary  Spill 

5.4.1  General 

Option  A-1  assumes  that  the  juvenile  fishway  systems  will  be  operated  in  a  manner  that  will  balance  the 
passage  of  fish  between  in-river  and  transport  methods.  This  is  the  current  operational  strategy  for  the 
lower  Snake  River  dams  per  the  1995  Biological  Opinion.  Voluntary  spill  will  still  be  used  to  bypass 
more  fish  through  the  spillways. 

Bypassing  and  transporting  fish  is  the  current  operating  strategy  for  the  lower  Snake  River  dams. 

Measures  for  Option  A-1  that  would  likely  be  used  to  upgrade  existing  systems  are  identified  in  the 
following  sections. 
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5.4.2  Dissolved  Gas  Abatement  Measures 

This  option  includes  bypassing  some  of  the  fish  over  the  spillway  and  utilizing  voluntary  spill, 
approaching  the  gas  cap,  to  attract  the  fish  to  the  spillway.  These  measures  are  similar  to  that  included  for 
Option  A-la.  Therefore,  dissolved  gas  abatement  measures  proposed  for  Option  A-l  are  the  same  as 
those  included  with  Option  A-la.  These  measures  include  the  following:  1)  continuation  of  spillway  gas 
monitoring,  2)  additional  end  bay  deflectors  and  pier  extensions  at  Lower  Monumental  and  Little  Goose 
Dams,  and  3)  modification  of  existing  deflectors  at  Lower  Monumental,  Little  Goose,  and  Lower  Granite 
Dams. 

5.4.3  Turbine  Measures 

As  is  included  for  Options  A-la  and  A-2a,  improvements  to  turbines  to  aid  fish  passage  are  assumed  to 
occur  during  a  future  major  rehabilitation  of  the  turbines. 

5.4.4  Miscellaneous  Measures 

The  improvements  listed  in  Section  5.3.4  are  the  same  as  the  miscellaneous  improvements  that  would  be 
appropriate  for  Option  A-l.  These  measures  would  improve  both  the  existing  transportation  and  bypass 
systems.  Refer  to  Section  5.3.4  for  a  list  of  these  measures. 
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6.  Major  System  Improvements 

6.1  Introduction 

Major  System  Improvements  consist  of  measures  beyond  previously  mentioned  Existing  System 
Upgrades  that  have  a  high  potential  of  increasing  the  effectiveness  and  efficiency  of  juvenile  fish  passage 
around  the  dams.  Based  upon  current  information,  the  only  future  development  that  is  included  in  this 
category  for  this  report  is  SBC-related  alternatives.  SBC  alternatives  would  provide  a  new  method  of 
collecting  and/or  bypassing  fish. 

Each  Major  System  Improvements  option  would  include  various  Existing  System  Upgrade  options,  as 
described  in  Section  4  of  this  appendix.  The  major  system  improvements  would  act  in  concert  with 
upgraded  existing  systems  to  provide  a  significantly  improved  overall  strategy  for  aiding  downstream  fish 

passage.  Refer  to  Section  4.4.3  and  Annex  B  for  a  more  detailed  description  of  the  SBC  types  referenced 
herein. 

6.2  Option  A-6a;  Major  System  Improvements — In-River  Passage 

6.2.1  General 

Option  A-6a  assumes  that  the  juvenile  fishway  systems  will  be  operated  to  maximize  in-river  fish  passage 
utilizing  upgrades  to  the  existing  system  and  major  system  improvements. 

Also,  1,760  million  cubic  meters  (1,427,000  acre-feet)  of  flow  augmentation  from  upstream  storage  is 
included  in  Option  A-6a,  compared  to  527  million  cubic  meters  (427,000  acre-feet)  of  flow  augmentation 
included  with  Option  A- 1  a. 

Voluntary  spill  would  be  used  at  each  dam  to  attract  fish  away  from  the  powerhouse,  towards  the 
spillway. 

Measures  for  Option  A-6a  that  would  be  used  to  improve  fish  passage  conditions  significantly,  focusing 
on  actions  that  will  particularly  facilitate  in-river  fish  passage  operations,  are  identified  in  the  following 
sections.  Refer  to  Annex  B  for  a  more  detailed  discussion  of  SBC  options  related  to  the  in-river  passage 
strategy. 

6.2.2  Existing  System  Upgrades 

All  Existing  System  Upgrade  measures  identified  with  Option  A- la,  as  described  in  Section  5.2,  are 
included  with  Major  Systems  Improvements  Option  A-6a,  except  for  flow  augmentation,  as  described  in 
Section  6.2. 1  above. 

6.2.3  Surface  Bypass  Collectors 

The  migration  strategy  for  Option  A-6a  is  to  focus  on  effective  diversion  of  the  fish  away  from  the 
turbines  for  in-river  migration.  For  this  combination,  all  four  projects  would  be  outfitted  with  a  SBC 
Type  2  design.  See  Section  4.4.3  and  Annex  B  for  more  detailed  information.  This  means  each  dam 
would  have  a  full-length  powerhouse  SBC  channel  without  dewatering  screens.  Fish  would  be  passed 
directly  downstream  to  the  tailrace  through  modified  spill  flow.  To  maximize  effective  diversion  away 
from  the  turbines,  ESBS  intake  diversion  systems  would  be  used  in  conjunction  with  the  SBC  channels  at 
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all  four  dams  to  divert  fish  that  might  pass  under  the  channels  and  into  the  turbine  intakes.  Fish  diverted 
by  the  ESBS  systems  would  continue  to  be  directed  to  the  juvenile  fish  facilities  where  these  fish  could  be 
delivered  directly  into  the  tailrace  at  that  location. 

As  previously  described,  Lower  Granite  and  Little  Goose  Dams  already  have  ESBS  systems,  and  these 
would  continue  to  be  used  in  conjunction  with  the  new  SBC  channels.  The  STS  systems  at  Lower 
Monumental  and  Ice  Harbor  Dams  would  be  removed  and  replaced  with  new  ESBS  systems. 

Table  6-1  below  summarizes  the  SBC  types  at  each  project  that  would  make  up  the  SBC  system 
combination  for  Option  A-6a. 


Table  6-1 .  Summary  of  Surface  Bypass  Collector  T ypes  for  Option  A-6a 


System  Combination 
No. 

Lower  Granite 

Little  Goose 

Lower 

Monumental 

Ice  Harbor 

Options  A-6a:  In- 
River  with  voluntary 
spill 

Type  2 

(Six-unit  Bypass 
Channel) 

Type  2 

(Six-unit  Bypass 
Channel) 

Type  2 

(Six-unit  Bypass 
Channel) 

Type  2 

(Six-unit  Bypass 
Channel) 

6.3  Option  A-6b 

Option  A-6b  is  identical  to  Option  A-6a,  except  no  flow  augmentation  is  assumed. 

6.4  Option  A-6d:  Alternate  In-River  Major  System  Improvement 
Option 

6.4.1  General 

Option  A-6d  assumes  that  the  juvenile  fishway  systems  will  be  operated  to  maximize  in-river  fish 
passage.  This  is  the  same  fish  passage  strategy  for  Option  A-6a  except  that  it  uses  different  SBC 
components  to  accomplish  the  objective.  Option  A-6d  includes  the  use  of  a  BGS  and  RSW  (SBC  Type  4) 
in  lieu  of  a  surface  collector  at  each  dam,  except  Little  Goose  Dam.  A  full -powerhouse,  bypass-only 
surface  collector  (SBC  Type  2)  system  is  included  for  Little  Goose  Dam. 

This  option  was  added  late  in  the  study  because  performance  of  the  BGS  was  not  known  at  the  time  a 
preferred  in-river  passage  alternative  was  selected  to  be  studied  and  included  in  the  SBC  Combinations 
Report  (reference  Annex  B).  At  that  time,  it  was  decided  to  select  Option  A-6a  to  be  included  in  the 
report.  However,  the  most  recent  data  from  the  prototype  testing  of  the  BGS  and  surface  collector  at 
Lower  Granite  Dam  indicate  that  more  fish  would  be  guided  to  a  spillway  by  a  BGS  than  would  be 
collected  with  a  surface  collector.  Option  A-6d  was  selected  for  study  during  the  latter  stages  of 
development  of  this  appendix  when  these  data  become  available.  Therefore,  inadequate  time  existed  to 
develop  drawings  and  text  in  the  detail  included  in  Annex  B.  However,  Option  A-6d  is  described  in 
sufficient  detail  herein  by  including  appropriate  references  to  Annex  B. 

Option  A-6d  includes  527  million  cubic  meters  (427,000  acre-feet)  of  flow  augmentation  from  upstream 
storage. 

Measures  for  Option  A-6d  that  would  be  used  to  significantly  improve  fish  passage  conditions,  focusing 
on  actions  that  will  particularly  facilitate  in-river  fish  passage  operations,  are  identified  in  the  following 
sections.  Because  this  alternative  was  added  late  in  the  study,  this  SBC  system  combination  is  not 
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evaluated  in  Annex  B,  However,  a  detailed  discussion  of  SBC  Types  2  and  4  are  included  in  Annex  B. 
This  information  was  used  as  a  basis  for  determining  estimated  costs  and  an  implementation  schedule  for 
this  option, 

6.4.2  Existing  System  Upgrades 

Most  of  the  Existing  System  Upgrade  features  identified  with  Option  A-la  in  Section  4.2  would  be 
included  with  Option  A-6d,  Modification  of  the  existing  deflectors  at  Little  Goose  Dam  is  included  in 
Option  A-6d  because  it  is  assumed  Little  Goose  will  have  voluntary  spill.  None  of  the  other  projects  is 
assumed  to  have  voluntary  spill.  Therefore,  no  modifications  to  the  deflectors  are  included  for  the  other 
dams  in  this  option. 

6.4.3  Surface  Bypass  Collectors 

The  migration  strategy  for  Option  A-6d  is  to  focus  on  effective  diversion  of  the  fish  away  ftom  the 
turbines  for  in-river  migration.  For  this  combination,  Lower  Granite,  Lower  Monumental,  and  Ice  Harbor 
Dams  would  have  SBC  Type  4  systems.  At  these  dams,  a  BGS  would  extend  upstream  from  the  interface 
of  the  powerhouse  and  spillway,  A  removable  raised  spillway  weir  would  be  placed  on  the  spillbay 
adjacent  to  the  powerhouse  to  provide  a  more  fish-friendly  bypass  over  the  spillway,  SBC  Type  4 
systems  are  described  in  more  detail  in  Section  4.4.3.  There  would  be  no  need  for  voluntary  spill  at  these 
dams  because  the  BGS  is  expected  to  divert  about  78  percent  of  the  fish  away  from  the  powerhouse, 
towards  the  spillway.  Refer  to  Section  4.4.4  for  more  information  on  BGS  performance. 

At  Little  Goose  Dam,  an  SBC  Type  4  would  not  be  used  because  a  BGS  would  block  navigation.  Instead, 
an  SBC  Type  2  would  be  employed.  See  Table  6-2  for  a  summary  of  SBC  types.  Therefore,  Little  Goose 
Dam  would  have  a  full-length  powerhouse  SBC  channel  that  would  not  include  dewatering  screens.  Fish 
would  be  collected  in  the  SBC,  guided  to  the  spillbay  adjacent  to  the  powerhouse,  and  passed  over  a 
raised  spillbay,  downstream  to  the  tailrace.  Voluntary  spill  would  be  used  to  increase  the  percentage  of 
fish  passed  over  the  spillway.  Refer  to  Section  4.4.4  for  the  effectiveness  of  SBC. 

The  existing  ESBS  intake  system  at  Lower  Granite  and  Little  Goose  Dams  would  be  used  to  divert  fish 
that  pass  under  the  channel  and  into  turbine  intakes.  Fish  diverted  by  the  ESBS  systems  would  continue 
to  be  directed  to  the  juvenile  fish  facilities,  where  they  would  be  delivered  into  the  tailrace  at  that 
location. 

A  new  ESBS  system  would  be  installed  in  the  turbine  intakes  at  Ice  Harbor  and  Lower  Monumental 
Dams  to  divert  fish  from  the  turbines. 


Table  6-2.  Summary  of  Surface  Bypass  Collector  Types  for  Option  A-6d 


System  Combination  No, 

Lower  Granite 

Little  Goose 

Lower 

Monumental 

Ice  Harbor 

Options  A-6d:  In-River 
Passage  With  BGS 
Structures  (No 
voluntary  spill  except  at 
Little  Goose) 

Type  4 

(Removable 

Spillbay  Weir  with 
BGS) 

Type  2 

(Six-unit 

Bypass 

Channel) 

Type  4 

(Removable 
Spillbay  Weir 
with  BGS) 

Type  4 

(Removable 
Spillbay  Weir 
with  BGS) 
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6.5  Option  A-2b:  Major  System  Improvements  with  Maximized  (High 
Cost)  Transport  System 

6.5.1  General 

Option  A-2b  assumes  that  the  juvenile  fishway  systems  will  be  operated  to  maximize  fish  transport  and 
that  voluntary  spill  will  not  be  needed. 

Option  A-2b  includes  527  million  cubic  meters  (427,000  acre-feet)  of  flow  augmentation  from  upstream 
storage. 

Measures  for  Option  A-2b  that  would  be  used  to  upgrade  existing  systems  and  significantly  improve  the 
effectiveness  of  fish  collection  and  transportation  are  identified  in  the  following  sections.  Refer  to 
Annex  B  for  a  more  detailed  discussion  of  SBC  options  used  for  improving  fish  transportation. 

6.5.2  Existing  System  Upgrades 

Existing  System  Upgrade  features  identified  with  Option  A-2a  in  Section  5.3  would  be  included  with  this 
Major  Systems  Improvements  Option  A-2b. 

6.5.3  Surface  Bypass  Collectors 

The  migration  strategy  for  Option  A-2b  is  to  maximize  the  number  of  fish  collected  and  delivered  to  the 
transportation  facilities  located  at  Lower  Granite,  Little  Goose,  and  Lower  Monumental  Dams.  Ice 
Harbor  Dam  is  not  included  because  fish  can  only  be  bypassed.  Fish  collection  would  be  accomplished 
by  constructing  a  full-length  powerhouse  SBC  channel  at  each  of  the  three  upstream  projects  (SBC  Type 
1).  The  channels  would  contain  dewatering  screens  to  concentrate  the  fish  in  a  small  enough  flow  that 
they  could  be  delivered  into  the  existing  juvenile  bypass  channels  inside  each  dam.  Emergency  bypass 
openings  would  also  be  provided  to  allow  the  collected  fish  to  bypass  the  dewatering  screens  and  pass 
downstream  directly  through  the  spillway  if  there  is  a  problem  with  either  the  dewatering  screens  or  the 
transportation  facilities.  The  SBC  channels  would  be  used  in  conjunction  with  ESBS  located  in  the 
turbine  intakes.  Fish  diverted  by  the  ESBS  would  also  be  delivered  into  the  existing  juvenile  bypass 
channels.  All  fish  collected  would  be  delivered  to  the  transportation  facilities  and  either  trucked  or 
barged  downstream.  The  number  of  fish  continuing  downstream  by  in-river  passage  through  the  projects 
(either  through  the  turbines  or  spillways)  would  be  minimized  and  would  drop  significantly  at  each 
consecutive  project. 

Lower  Granite  and  Little  Goose  Dams  currently  have  ESBS  installed  in  the  turbine  intakes.  These  would 
continue  to  be  used.  However,  the  intakes  at  Lower  Monumental  are  currently  outfitted  with  submerged 
traveling  screens  (STS).  These  would  be  removed  and  replaced  with  ESBS  to  increase  the  screen 
diversion  efficiency  and  to  further  reduce  the  number  of  fish  passing  through  the  turbines. 

At  Ice  Harbor  Dam,  the  turbine  intakes  are  also  currently  outfitted  with  STS.  As  at  Lower  Monumental 
Dam,  these  would  be  removed  and  replaced  with  ESBS  to  increase  the  diversion  efficiency  of  the 
screening  system.  However,  no  SBC  channel  would  be  installed  at  Ice  Harbor  Dam.  If  the  combination 
of  the  SBC  channels  and  the  ESBS  diversion  systems  function  as  anticipated  at  the  upper  three  projects, 
there  should  be  so  few  freely  migrating  fish  left  in  the  river  reaching  Ice  Harbor  Dam,  that  construction  of 
an  SBC  system  would  not  be  necessary.  This  approach  is  further  justified  by  the  fact  that  no  fish  enter  the 
Snake  River  between  Lower  Monumental  and  Ice  Harbor. 
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Table  6-3  summarizes  the  SBC  types  at  each  project  that  make  up  the  system  combination  for 
Option  A-2A). 


Table  6-3.  Summary  of  Surface  Bypass  Collector  Types  for  Option  A-2b 


System  Combination 

No. 

Lower  Granite 

Little  Goose 

Lower  Monumental  Ice  Harbor 

Option  A-2b: 

Type  1 

Type  1 

Type  1  None 

Transport  (High  Cost) 

(Six-unit  Screened 

(Six-unit  Screened 

(Six-unit  Screened 

with  no  voluntary  spill 

Channel) 

Channel) 

Channel) 

6.6  Option  A-2c:  Major  System  Improvements  with  Low  Cost 
Transport  System 


6.6.1  General 

Option  A-2c  assumes  that  the  juvenile  fishway  systems  will  be  operated  to  maximize  fish  transport  and 
that  voluntary  spill  will  be  needed  only  at  Ice  Harbor  Dam  to  aid  in  bypassing  fish  over  the  spillways. 

Option  A-2c  includes  527  million  cubic  meters  (427,000  acre-feet)  of  flow  augmentation  from  upstream 
storage. 

Measures  for  Option  A-2c  that  would  be  used  to  upgrade  existing  systems  and  significantly  improve  the 
effectiveness  of  fish  collection  and  transportation  are  identified  in  the  following  sections.  Refer  to 
Annex  B  for  a  more  detailed  discussion  of  SBC  options  used  for  improving  fish  transportation. 

The  juvenile  fish  passage  strategies  for  Options  A-2b  and  A-2c  are  the  same.  However,  there  are 
significant  differences  in  designs  and  project  operations  between  these  two  options. 

6.6.2  Existing  System  Upgrades 

Existing  System  Upgrade  features  identified  with  Option  A-2a  in  Section  5.3  would  be  included  with  this 
major  systems  improvements  option. 

6.6.3  Surface  Bypass  Collectors 

Option  A-2c  is  a  reduced-scale  version  of  Option  A-2b,  requiring  significantly  reduced  initial  and 
operating  costs, 

A  key  justification  for  implementing  Option  A-2c  is  that  the  majority  of  juvenile  salmon  coming  down 
the  Snake  River  starts  upstream  of  Lower  Granite  Dam.  If  the  combined  SBC  and  ESBS  systems  to  be 
utilized  at  Lower  Granite  function  as  effectively  as  anticipated,  there  would  be  few  migrating  fish  left  in 
the  river  below  the  dam.  Considering  the  potential  effectiveness  of  upgrading  the  intake  screen  systems, 
construction  of  large,  expensive  SBC  systems  may  not  be  justified  downstream  of  Lower  Granite  Dam. 

The  migration  strategy  for  Option  A-2c,  like  Option  A-2b,  is  to  maximize  the  number  offish  collected 
and  delivered  to  the  existing  or  upgraded  transportation  facilities.  However,  this  option  relies  more 
heavily  on  the  intake  diversions  screen  systems  because  an  SBC  system  would  only  be  used  at  Lower 
Granite  Dam. 

Like  Option  A-2b,  Option  A-2c  includes  an  SBC  Type  1  at  Lower  Granite.  This  would  include  the 
construction  of  a  full-length  powerhouse  SBC  channel  with  dewatering  to  be  used  in  conjunction  with  the 
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existing  ESBS  system.  At  the  lower  three  projects  (Little  Goose,  Lower  Monumental,  and  Ice  Harbor 
Dams)  only  ESBS  intake  diversion  systems  would  be  used.  Because  ESBS  already  exist  at  Little  Goose, 
there  would  be  no  required  modifications  at  this  project,  and  the  existing  diversion/bypass  facilities  would 
continue  to  be  used.  At  Lower  Monumental  and  Ice  Harbor  Dams,  the  existing  STS  intake  diversion 
systems  would  be  replaced  with  ESBS  systems,  but  no  additional  SBC  channels  would  be  constructed  to 
augment  these  systems. 

If  it  is  decided  that  transportation  is  the  migration  strategy  for  the  river.  Options  A-2b  and  A-2c  actually 
form  a  transportation  package,  which  could  be  initiated  prior  to  a  decision  between  which  of  the  two 
combinations  would  constitute  the  final  design.  This  is  because  everything  involved  in  Option  A-2c 
would  be  required  in  Option  A-2b.  In  fact,  the  most  prudent  way  to  install  Option  A-2b  would  be  to 
install  Option  A-2c  first  and  test  the  SBC/ESBS  collection  facility  at  Lower  Granite  Dam.  Any 
unanticipated  bugs  could  then  be  worked  out  of  the  SBC  design.  If,  after  testing  of  Option  A-2c,  it  is 
decided  that  Option  A-2b  is  justified,  lessons  learned  for  the  SBC  Type  1  design  at  Lower  Granite  Dam 
could  be  applied  at  Little  Goose  and  Lower  Monumental  Dams. 

Table  6-4  below  summarizes  the  SBC  types  at  each  project.  These  SBC  types  make  up  Option  A-2c. 


Table  6-4.  Summary  of  Surface  Bypass  Collector  Option  A-2c 


System  Combination 

No. 

Lower  Granite 

Little  Goose 

Lower 

Monumental 

Ice  Harbor 

Option  A-2c: 

Type  1 

None 

None 

None 

Transport  (Low  Cost) 
with  Voluntary  Spill  at 
Ice  Harbor  only 

(Six-unit  Screened 
Channel) 

6.7  Option  A-2d:  Major  System  Improvements — Adaptive  Migration 
Strategy 

6.7.1  General 

Option  A-2d  assumes  that  the  juvenile  fishway  systems  will  be  operated  in  a  manner  that  will  balance  the 
passage  of  fish  between  in-river  and  transport  fish  passage  methods.  The  Adaptive  Migration  Strategy 
would  optimize  current  operational  objectives  where  either  in-river  or  transport  strategies  can  be  used. 
This  strategy  addresses  concerns  about  the  risks  and  effectiveness  associated  with  bypass-only  and 
transport-only.  Because  of  its  design,  this  option  would  have  the  flexibility  to  allow  operational  changes 
to  be  made  within  a  migration  season  if  necessary. 

This  is  similar  to  the  fish  passage  strategy  included  for  the  Existing  System  Upgrade  Adaptive  Migration 
Strategy  (Option  A-l).  See  Section  5.4  for  details. 

Option  A-2d  includes  527  million  cubic  meters  (427,000  acre-feet)  of  flow  augmentation  from  upstream 
storage. 

Actions  required  to  implement  Option  A-2d  are  identified  in  the  following  sections.  Refer  to  Annex  B  for 
a  more  detailed  discussion. 
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6.7.2  Existing  System  Upgrades 

Existing  System  Upgrade  measures  included  with  Option  A-l,  as  described  in  Section  5.4,  would  be 
included  with  Option  A-2d. 

6.7.3  Surface  Bypass  Collectors 

The  migration  strategy  for  Option  A-2d  allows  for  either  fish-friendly  transportation  or  in-river  migration. 
At  Lower  Granite  and  Lower  Monumental  dams,  SBC  Type  5  systems  would  be  installed.  Surface 
collectors  could  then  be  used  to  collect  fish  at  these  two  dams  for  downstream  transportation.  Lower 
Gramte  is  a  logical  location  for  collecting  fish  for  transport  because  it  is  the  furthest  upstream  dam.  It 
was  decided  to  use  a  surface  collector  at  Lower  Monumental  to  allow  collection  of  1)  fish  not  collected  at 
Lower  Granite,  2)  fish  entering  the  Snake  River  from  the  Tucannon  River  and  3)  fish  released  from  the 
Lyons  Ferry  Hatchery. 

When  in  transport  mode,  the  surface  collectors  in  front  of  Turbine  Units  5  and  6  at  Lower  Granite  and 
Lower  Monumental  would  collect  downstream  migrating  fish  and  pass  them  through  a  dewatering  section 
in  the  surface  collector,  delivering  them  to  the  existing  juvenile  fish  collection  channel  within  each  dam 
To  guide  fish  away  from  Units  1  through  4,  a  BGS  would  be  constructed  in  the  forebay. 

When  it  is  desired  to  keep  the  fish  in  the  river,  the  surface  collector  would  be  shut  off  and  the  fish  would 
be  guided  by  the  BGS  past  the  surface  collector  to  two  RSWs.  The  RS  Ws  would  provide  a  surface 
attraction  flow  and  a  less  stressful  method  of  bypassing  fish  than  is  now  used  for  spillway  passage. 

As  with  the  other  system  options,  ESBS  intake  diversion  systems  would  be  used  in  conjunction  with  these 
two-unit  SBC  channels.  At  Lower  Granite  Dam,  the  existing  ESBS  would  be  used,  whereas  at  Lower 
Monumental  Dam  there  would  be  new  ESBS  to  replace  the  existing  STS.  ESBS  would  be  located  in  the 
turbine  intakes  of  all  six  units  of  both  powerhouses  to  bypass  fish  that  pass  around  or  under  the  BGS. 

At  Little  Goose  Dam,  a  SBC  Type  6  system  would  be  installed.  The  Type  6  system  consists  of  a  full- 
length  powerhouse  occlusion  structure.  The  occlusion  structure  is  expected  to  improve  the  performance 
of  the  ESBS  and  to  increase  the  guidance  of  fish  away  from  the  turbine  intakes  and  towards  the  spillway 
An  RSW  would  be  placed  in  spillbays  1  and  3  to  bypass  fish.  The  goal  is  to  provide  an  effective  bypass 
for  juvenile  fish.  Also,  each  turbine  unit  at  Little  Goose  Dam  would  have  an  existing  ESBS  in  place. 

Fish  diverted  by  the  ESBS  would  be  directed  to  the  juvenile  fish  facilities  where  they  would  be  collected 
for  transport  or  returned  to  the  river. 

At  Ice  Harbor,  a  SBC  Type  7  system  would  be  constructed.  A  BGS  would  extend  upstream  from  the 
interface  of  the  powerhouse  and  spillway.  Two  removable  raised  spillway  weirs  would  be  installed,  one 
on  spillbay  1  and  the  other  on  spillbay  3,  The  RSWs  would  provide  attraction  flow  to  the  spillways  and 
would  provide  a  less  stressful  method  of  bypassing  fish  over  the  spillway  than  the  current  method.  New 
ESBS  would  replace  the  existing  STS  at  Ice  Harbor.  They  would  be  installed  in  the  turbine  intakes  to 
offer  a  bypass  for  fish  passing  around  or  under  the  BGS.  Table  6-5  summarizes  the  SBC  types  for  Option 
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Table  6-5.  Summary  of  Surface  Bypass  Collector  Option  A-2d 


System 

Combination  No. 

Lower  Granite 

Little  Goose 

Lower  Monumental 

Ice  Harbor 

Options  A-2d: 
Adaptive 

Migration  Strategy 

Type  5 

Two-Unit  Screened 
Channel/BGS/T  wo 
RSWs  -  (Transport 
or  Bypass  SBC) 

Type  6 

Occlusion 
Structure/Two 
RSWs- 
(Bypass  SBC) 

Type  5 

Two-Unit  Screened 
Channel/BGS/T  wo 
RSWs  (Transport 
or  Bypass  SBC) 

Type  7 

Two  Removable 
Spillbay  Weirs 
with  BGS- 
(Bypass  SBC) 

6.7.4  Voluntary  Spill 

When  operating  in  bypass  mode,  there  would  be  a  need  for  voluntary  spill  over  the  RSW  at  each  dam. 
However,  each  of  the  SBC  types  described  previously  is  anticipated  to  improve  the  effectiveness  of  fish 
attraction,  guidance  and  bypass  across  each  spillway,  while  spilling  less  water  than  required  for  current 
spillway  passage  (see  Section  4.4.4  for  more  infonnation).  In  other  words,  it  is  anticipated  more  fish  can 
be  bypassed  with  less  spill  using  RSWs.  Full  scale  testing  is  required  to  verify  this.  However,  it  may  be 
necessary  to  have  additional  spill  across  other  spillbays  to  improve  tailrace  egress  conditions  for  juvenile 
fish.  Hydraulic  model  tests  specific  to  each  dam  would  be  needed  to  determine  requirements  for 
additional  training  flows. 

When  transporting  fish,  there  would  be  no  need  for  voluntary  spill  at  Lower  Granite,  Little  Goose,  or 
Lower  Monumental  Dams  because  fish  are  transported  from  these  dams.  At  Ice  Harbor,  fish  must  be 
bypassed  across  the  dam.  Therefore,  voluntary  spill  is  required  for  the  RSWs  and  may  be  necessary  at 
other  spillbays  to  improve  training  flow  at  Ice  Harbor. 
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7.  Impacts  to  Hydropower 

7.1  General 

As  discussed  in  Section  1.4,  the  Corps  is  currently  required  to  spill  at  all  lower  Snake  River  dams  to 
attempt  to  achieve  an  FPE  target  of  80  percent.  Also,  voluntary  spill  is  assumed  for  some  of  the 
Upgraded  Existing  System  options  and  Major  System  Improvement  options.  Voluntary  spill  results  in 
less  water  available  for  hydropower  production.  Use  of  SBC  options  also  requires  water  to  be  passed 
over  the  spillway.  This  results  in  lost  hydropower  as  well. 

Each  transportation  option  (Options  A-2a,  A-2b,  and  A-2e)  and  Option  A-2d  (Adaptive  Migration) 
assumes  substantially  reduced  or  eliminated  voluntary  spill,  resulting  in  reduced  hydropower  losses. 
When  compared  to  the  current  operating  procedure,  which  includes  voluntary  spill,  the  loss  of 
hydropower  due  to  the  use  of  surface  collectors  for  fish  transportation  (Options  A-2a  and  A-2c)  is  offset 
partially  or  completely  by  the  reduced  voluntary  spill.  For  instance.  Option  A-2c  utilizes  one  170  m3/s 
(6,000  kefs)  surface  collector  that  reduces  hydropower  economic  benefits  by  about  $4.5  million  per  year. 
However,  hydiopower  benefits  are  increased  by  about  $9.6  million  per  year  over  the  current  operating 
procedure  due  to  the  elimination  of  voluntary  spill  at  Lower  Granite,  Little  Goose,  and  Lower 
Monumental  Dams.  The  net  effect  for  Option  A-2c  is  an  increase  in  hydropower  economic  benefits  of 
$5,1  million  over  the  current  operating  procedure  (reference:  “Technical  Report  on  Hydropower  Costs 
and  Benefits,  developed  by  the  Drawdown  Regional  Economic  Workgroup:  Hydropower  Impact  Team). 

It  is  likely  that  a  pumpback  system  or  turbine  generator  could  be  installed  to  recoup  most  of  the 
hydropower  benefits  that  would  otherwise  be  lost  due  to  use  of  an  SBC.  Such  a  system  would  likely 
require  an  SBC  with  a  dewatering  system  to  separate  the  fish  from  the  water  that  is  either  pumped  back 
into  the  reservoir  or  passed  through  a  turbine  generator.  The  in-river  passage  options  (Options  A-6a,  A- 
6b,  and  A-6d)  do  not  have  SBC  dewatering  systems.  These  options  would  likely  have  to  be  reconfigured 
to  include  SBC  dewatering  if  pumpback  systems  or  turbine  generators  were  included.  If  any  option  using 
an  SBC  weie  selected  for  implementation,  more  detailed  investigation  of  an  energy  conservation  system 
would  be  required. 

7.2  Voluntary  Spill  Caps 

Table  7-1  summarizes  existing  and  new  projected  voluntary  spill  caps  as  they  currently  are  operated  and 
illustrates  how  they  could  be  operated  in  the  future  if  gas  abatement  measures  associated  with  upgraded 
existing  systems  were  implemented.  This  includes  additional  end-bay  deflectors  and  modification  of 
existing  deflectors.  New  gas  abatement  measures  used  with  current  flow  levels  would  result  in  TDG 
supersaturation  levels  of  about  112  percent  to  1 15  percent.  Alternatively,  new  gas  abatement  measures 
would  allow  a  higher  amount  of  flow  without  exceeding  the  limit  of  120  percent  TDG  supersaturation. 
However,  increased  spill  would  reduce  hydropower  benefits.  The  lost  hydropower  benefits  due  to  current 
and  potential  increased  spill  flows  has  not  been  determined.  Spill  flows  are  summarized  for  the  two  spill 
conditions,  assuming  spill  to  the  1 20  percent  TDG  supersaturation  limit. 
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Table  7-1.  Approximate  Voluntary  Spill  Caps,  Existing  System,  and  Existing  System  Upgrades 


Ice  Harbor 
1,000  m3/s 
(1,000  cfs) 

Lower  Monumental 
1,000  m3/s 
(1,000  cfs) 

Little  Goose 
1,000  m3/s 
(1,000  cfs) 

Lower  Granite 
1,000  m3/s 
(1,000  cfs) 

Existing  System 

3.11 (110) 

1.2  (43) 

1.4(48) 

1.3(45) 

Existing  System 

3.11 (110) 

1.9  (68) 

1.9  (68) 

1.9  (68) 

Upgrades* 

*  Includes  additional  endbay  deflectors  and  modified  deflectors  where  appropriate. 
Note:  Voluntary  spills  based  on  120  percent  TDG  supersaturation  limit. 
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8.  Unresolved  Issues 

8.1  General 

Included  below  is  a  description  of  unresolved  issues  concerning  dissolved  gas  abatement  measures, 
turbine  modifications,  and  SBC  technology  development.  Resolution  of  these  issues  could  impact  the 
implementation  schedules  and  costs  included  in  this  appendix. 

8.2  Dissolved  Gas  Abatement  Measures 

8.2.1  General 

The  impacts  of  any  spillway  modifications  on  juvenile  and  adult  fish  passage,  navigation  and  channel 
erosion  must  be  considered.  The  addition  or  modification  of  spillway  flow  deflectors  may  potentially 
affect  any  or  all  of  these  items.  In  addition,  as  discussed  in  Section  4.2.1,  there  are  still  uncertainties 
associated  with  the  ongoing  Phase  II DGAS  studies. 

There  are  other  gas  abatement  measures  not  included  in  any  of  the  Existing  System  Upgrades  or  Major 
System  Improvements  options,  but  which  are  included  in  Annex  C.  These  measures  hold  potential  for 
significantly  reducing  TDG  production.  The  engineering  evaluation  of  these  options  is  complete. 
However,  biological  evaluations  have  yet  to  be  completed. 

8.2.2  Adult  Fish  Passage 

Model  studies  and  prototype  evaluations  have  shown  deflectors  in  the  outside  spillway  bays  may  create 
strong  cross-currents  (or  lateral  flows)  immediately  downstream  of  the  adult  fishway  entrances,  Tailrace 
conditions  altered  by  additional  deflectors  may  disorient  and  delay  adult  fish  seeking  passage  through  the 
fishway  entrances  adjacent  to  the  spillways. 

The  effect  of  additional  or  modified  flow  deflectors  on  adult  passage  must  be  evaluated  on  a  project-by- 
project  basis,  accounting  for  differences  in  project  configurations,  such  as  relative  location  offishway 
entrances,  channel  bathymetry,  and  the  existence  of  guide  walls  separating  the  entrances  from  the 
spillway  stilling  basin.  Hydraulic  model  studies  would  be  required.  Modifications  to  the  existing 
deflectors  at  Lower  Granite  Dam  are  not  expected  to  affect  adult  fish  passage. 

If  model  studies  indicate  potential  problems,  it  is  anticipated  that  physical  changes  such  as  training  wall 
extensions  or  changes  in  the  deflector  design  would  resolve  the  problem.  Also,  spillway  operational 
changes  resulting  in  modified  spill  patterns  could  be  implemented.  It  is  worth  noting  that  similar  spillway 
modifications  have  been  installed  at  Ice  Harbor  and  John  Day  Dams  without  any  apparent  serious  impacts 
to  adult  fish  migration. 

8.2.2.1  Lower  Monumental  Dam 

Although  not  anticipated,  if  end-bay  deflectors  were  to  cause  adult  fish  passage  delays,  discharge  through 
these  bays  could  be  restricted  during  daylight  hours  with  no  impact  to  adults.  These  bays  then  could  be 
operated  throughout  the  night  for  additional  gas  reduction  benefits. 

8.2.2.2  Little  Goose  Dam 

Conventional  type  deflectors  in  spillbays  1  and  8  should  have  minimal  impacts  on  adult  fish  passage. 
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8.2.3  Juvenile  Fish  Passage 

The  hydraulic  flow  conditions  generated  by  deflected  spill  flow  may  directly  impact  survivability  of 
juvenile  salmonids  migrating  downstream.  Increased  turbulence  in  the  vicinity  of  stilling  basin  baffle 
blocks  and  the  end  sill  may  increase  with  additional  or  modified  deflectors.  Increased  turbulence  in  the 
vicinity  of  these  structures  may  result  in  increased  mechanical  injury.  Though  many  of  the  projects  are 
similar,  the  influence  of  spillway  modifications  on  juvenile  fish  passage  must  be  evaluated  on  a  project- 
by-project  basis. 

If  problems  are  discovered,  then  changes  to  spillway  operations  resulting  in  modified  spill  patterns  could 
be  implemented  to  minimize  impacts  to  juvenile  fish. 

8.2.4  Navigation 

Flow  deflectors  decrease  the  amount  of  energy  dissipated  within  the  stilling  basin,  increasing  the  velocity 
of  flow  in  the  downstream  channel.  The  extent  that  deflectors  influence  navigation  conditions 
downstream  of  the  lock  entrances  depends  on  the  channel  configuration,  bathymetry,  and  the  relative 
location  of  the  navigation  lock  to  the  spillway.  Increased  velocity  and  cross-channel  flows  may  make  it 
difficult  for  tow  operators  to  maintain  proper  alignment  and  speed  as  they  approach  and  exit  the 
downstream  lock  entrance.  Potential  impacts  of  additional  or  modified  deflectors  on  navigation  must  also 
be  evaluated  on  a  project-by-project  basis.  Modifications  to  the  existing  deflectors  at  Lower  Granite  Dam 
are  not  expected  to  affect  navigation. 

8.2.4.1  Lower  Monumental  Dam 

The  navigation  lock  at  Lower  Monumental  Dam  is  located  near  the  south  non-overflow  embankment  and 
is  separated  from  the  spillway  by  the  south  shore  fish  ladder.  Surface  skimming  flow  deflected  from 
spillbay  1  may  increase  channel  velocities  below  the  downstream  lock  entrance.  Higher  velocities  could 
create  problems  for  tows  exiting  and  entering  the  downstream  lock  approach. 

Hydraulic  modeling  would  be  used  to  determine  the  impacts  of  any  spillway  modifications.  If  problems 
are  discovered,  changes  could  be  made  to  the  spill  patterns.  Also,  cellular  cofferdams,  similar  to  those  at 
Ice  Harbor  Dam,  could  be  installed,  or  the  guide  wall  could  be  extended.  This  would  provide  a  physical 
barrier  to  the  spillway  flows  adjacent  to  the  downstream  approach  to  the  lock. 

8.2.4.2  Little  Goose  Dam 

Conventional  type  deflectors  in  spillbays  1  and  8  and  existing  deflector  modifications  at  Little  Goose 
Dam  should  have  no  adverse  impacts  on  navigation.  The  peninsula  downstream  of  the  dam  provides  a 
suitable  barrier  to  the  spillway  flows. 

8.2.5  Stilling  Basin  and  Channel  Erosion 

The  ability  of  the  spillway  and  stilling  basin  to  adequately  dissipate  the  energy  of  spillway  design  flows 
must  not  be  compromised  by  any  spillway  modifications.  If  the  primary  energy  from  the  spillway  can  be 
contained  within  the  stilling  basin,  no  damage  will  occur  to  the  structure.  Model  studies  show  the 
standard  3.8-meter  (12.5-foot)-long  flow  deflectors  at  Lower  Monumental  and  Lower  Granite  Dams  will 
not  cause  a  hydraulic  jump  to  occur  downstream  of  the  stilling  basin,  regardless  of  the  flow  rate. 
However,  standard  length  deflectors  at  Little  Goose  Dam  may  cause  problems  with  energy  dissipation 
because  of  the  roller  bucket. 
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8.2.5.1  Lower  Monumental  Dam 

Due  to  erosion,  large  holes  have  been  created  in  the  Lower  Monumental  stilling  basin  because  the 
construction  of  flow  deflectors  in  the  center  six  spillbays.  The  erosion  has  occurred  near  the  toe  of  the 
spillway  below  spillbays  1, 2,  7,  and  8.  Because  of  the  location  of  the  holes  it  is  believed  that  the  erosion 
has  been  caused  by  hydraulic  conditions  created  by  the  interaction  of  deflected  and  non-deflected 
spillway  flows.  Adding  flow  deflectors  to  spillbays  1  and  8  may  reduce  the  potential  for  continued 
erosion.  However,  due  to  the  severity  of  the  problem,  stilling  basin  conditions  must  be  thoroughly 
investigated  before  a  recommendation  of  additional  deflectors  can  be  made, 

8.2.5.2  Little  Goose  Dam 

Extending  the  existing  deflector  lengths  to  3.8  meters  (12,5  feet)  may  result  in  insufficient  energy 
dissipation  of  the  project  design  flows,  forcing  the  hydraulic  jump  and  high-energy  flow  into  the 
downstream  channel  and  potentially  causing  erosion  of  the  downstream  channel  and  shoreline.  Likewise, 
adding  similar  size  deflectors  to  the  end  bays  may  also  compromise  the  roller  bucket’s  ability  to  dissipate 
the  energy  of  high  spillway  flows  and  may  increase  the  potential  for  tailraee  channel  erosion.  Model 
studies  will  be  needed  to  assess  the  potential  impact, 

8.3  Turbine  Measures 

Unless  dam  breaching  is  selected,  it  is  likely  that  all  of  the  generating  units  will  require  major  repair  or 
rehabilitation  in  the  next  10  to  50  years.  Now,  the  exact  nature  of  turbine  related  modifications  and 
associated  fish  benefits  are  not  specifically  known.  However,  benefits  to  anadromous  fish  stocks  are 
potentially  significant  because  they  will  accrue  over  the  life  of  a  rehabilitated  turbine,  estimated  to  be  35 
to  50  years.  The  current  Turbine  Passage  Survival  Program  is  yielding  information  to  allow  an  accurate 
evaluation  of  fish  passage  benefits  associated  with  turbine  operational  changes  and  modifications.  This 
evaluation  is  expected  to  be  complete  in  about  10  years. 

8.4  Surface  Bypass  Collector  Measures 

8.4.1  Surface  Bypass  Collector  Performance 

Present  SBC  performance  numbers  are  based  on  SBC  prototype  testing  conducted  at  Lower  Granite  Dam 
between  1996  and  1998  (see  Section  4.4.4).  In  the  case  of  SWI  and  BGS  components  of  SBC,  these 
features  have  undergone  just  one  year  of  testing.  Given  the  nature  of  the  prototype  tests  and  the  limited 
test  duration,  predictions  of  how  SBC  systems  might  perform  for  full-system  designs  at  Lower  Granite 
Dam  and  other  lower  Snake  River  projects  can  only  be  projected.  However,  it  is  believed  that  prototype 
type  test  results  thus  far  do  provide  a  conservative  prediction  of  how  full-scale  production  systems  would 
perform.  It  is  believed  that  with  continued  SBC  research  and  development  there  is  a  high  likelihood  that 
significant  gain  in  SBC  fishway  performance  can  still  be  realized, 

8.4.2  Dewatering 

Several  of  the  current  options  for  SBC  development  (see  Sections  4.4.3  and  4.4,5)  would  require  the  use 
of  large-scale  dewatering  systems  that  would  be  substantially  larger  than  any  screen  system  used  on  any 
project  to  date.  Large-scale  dewatering  systems  discussed  in  this  report  are  needed  for  all  transport- 
related  options.  In-river  options  do  not  have  dewatering.  In-river  designs,  however,  may  also  eventually 
require  dewatering  if  some  form  of  sampling  and  fish  tag  evaluations  is  ever  required,  or  if  it  is  desired  to 
reduce  large  fish  attraction  flows  down  to  an  amount  that  can  be  economically  handled. 
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The  original  study  plan  for  dewatering  was  to  perform  field  investigations,  conduct  literature  searches, 
develop  design  criteria,  concept  designs,  complete  large  scale  hydraulic  model  studies,  and  design, 
construct,  and  test  a  prototype  dewatering  structure  in  conjunction  with  a  SBC  prototype.  Progress  was 
made  on  all  of  these  items,  except  for  detailed  design,  construction,  and  testing  of  a  dewatering  prototype 
structure.  For  a  variety  of  reasons,  such  as  budgetary  constraints,  design  criteria  uncertainties, 
uncertainties  as  to  how  well  SBC  technology  would  perform,  and  a  general  aversion  by  many  to 
dewatering,  the  goal  to  complete  a  dewatering  prototype  test  structure  in  time  to  provide  input  to  the 
feasibility  study  was  dropped. 

A  variety  of  critical  issues  have  to  be  answered  before  large-scale  dewatering  can  be  used  with  a  high 
degree  of  confidence.  A  physical  hydraulic  model  study  of  a  dewatering  prototype  test  structure  indicated 
that  more  progressive  dewatering  screen  criteria  with  a  specially  shaped  channel  floor  and  sidewall  design 
would  be  feasible  from  a  hydraulics  perspective.  Because  the  model  performed  well  hydraulically,  the 
consensus  is  that  it  would  likely  perform  well  from  a  biological  perspective.  However,  large  scale 
dewatering,  as  it  relates  to  biological  performance  and  project  operations/reliability  concerns,  can  only  be 
answered  with  certainty  by  evaluating  the  results  from  a  prototype  test  structure.  Until  such  a  prototype 
structure  is  tested,  which  would  also  require  additional  detailed  hydraulic  modeling,  uncertainties  about 
large-scale  dewatering  will  exist. 

The  final  design  criteria  used  for  development  of  a  permanent  dewatering  structure  would  be  based  upon 
the  results  of  the  prototype  test. 

8.4.3  Reduced  Spillway  Capacities 

Some  of  the  SBC  options  impacting  existing  spill  bays  reduce  original  spillway  flow  capacities  by  as 
much  as  5  percent.  For  these  options  to  be  completed  using  these  designs,  approval  will  be  required  from 
a  higher  authority  to  reduce  spill  levels  authorized  for  original  projects.  If  approvals  for  reduced  spill 
levels  are  not  given,  alternative  plans  involving  higher  cost  designs  could  be  used.  Some  alternative  plans 
to  address  the  reduced  spillway  capacity  include  the  following: 

•  Routing  SBC  flows  to  the  tailrace  via  modified  portions  of  non-overflow  sections  of  dams.  Refer  to 
the  appendix  at  the  end  of  Annex  B  for  more  information. 

•  Modifying  some  of  the  other  spillbays  to  increase  their  spill  capacity.  This  option  would  likely  be 
very  expensive. 

•  Passing  excess  flood  flows  through  the  turbines.  Perforated  bulkheads  installed  upstream  and/or 
downstream  of  the  turbines  would  be  required  to  reduce  the  large  head  differential  enough  to  avoid 
damaging  the  turbines.  However,  this  option  has  not  yet  been  studied  in  detail. 

•  Passing  excess  flood  flows  through  the  navigation  lock  culverts  and  into  the  lock,  to  exit  downstream 
through  the  open  downstream  lock  gate.  However,  this  option  has  not  yet  been  studied  in  detail. 

8.4.4  Structural  Design  Issues  Related  to  Modifications  to  Existing  Spillways 
and  Central  Non-Overflow  Sections 

Additional  seismic  structural  stress  analysis  of  key  existing  structures  would  be  required  for  some  of  the 
options  due  to  the  addition  of  SESs  and  RSWs  to  the  spillway  and  central  non-overflow  monoliths.  These 
analyses  would  be  especially  important  at  Ice  Harbor  Dam  where  design  ground  accelerations  are  high.  A 
stability  analysis  of  the  spillway  at  Ice  Harbor  Dam  would  be  required  before  attaching  any  structures  to 
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it.  If  the  stability  of  any  monolith  is  compromised,  or  concrete  design  stresses  are  found  to  be  excessive, 
additional  concrete  and/or  post-tensioning  may  be  added  to  bring  the  structure(s)  into  compliance  with 
current  design  criteria. 

8.4.5  Removable  Spillway  Weir 

The  RSW  included  with  SBC  Type  4,  5, 6,  and  7  systems  would  require  model  testing  to  determine  the 
best  shape  for  development  of  a  full-size  prototype.  Prototype  testing  would  show  whether  an  acceptable 
design  could  be  developed  that  does  not  harm  fish.  Because  the  RSW  would  be  resting  on  top  of  an 
existing  spillbay,  there  are  limitations  on  the  possible  shapes  of  the  RSW.  However,  it  is  currently 
anticipated  that  a  successful  design  could  be  developed. 

8.5  Miscellaneous  Measures 

Some  of  the  miscellaneous  measures  to  upgrade  present  facilities,  as  discussed  in  Section  4.5,  involve 
issues  related  to  either  uncertainties  surrounding  effectiveness  of  the  improvement  or  its  specific  design 
layout. 

Examples  of  featuies  that  are  either  being  researched  now  or  soon  will  be,  include  cylindrical  dewatering 
screens  and  modified  fish  separators.  The  results  of  the  research  and  testing  will  determine  if  these  items 
are  to  be  implemented.  Also,  the  results  will  be  used  in  developing  the  final  design  of  the  upgrades  to  the 
Lower  Granite  Juvenile  Fish  Facilities.  The  decision  on  whether  or  not  to  install  an  SBC  at  Lower 
Granite  Dam  would  also  affect  the  design  of  the  juvenile  facility  upgrade. 
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9.  Implementation  Costs  and  Schedules 

9.1  General 

Implementation  costs  and  schedules  for  each  of  the  options  evaluated  in  this  appendix  have  been 
developed  and  are  summarized  in  Tables  9-1,  9-2,  and  9-3  and  in  Figure  9-1,  contained  herein.  Included 
are  costs  for  construction,  operation,  and  maintenance,  as  well  as  other  specific  federal  requirements  for 
each  of  the  options.  The  costs  were  developed  as  comparison  type  costs,  for  use  in  the  economic  studies 
and  option  selecting.  Costs  do  not  include  escalation  and  are  not  intended  to  be  used  as  program  funding 
estimates.  These  costs  are  based  on  the  scope  of  work,  assumptions,  and  methodology  presented  in  the 
“Detailed  Project  Schedule  PB-2A”  (PB-2A)  and  Engineering  Annexes  A  through  D  of  this  appendix. 
Engineering,  design  and  construction  supervision,  and  administration  costs  are  included  in  new 
construction  costs.  Also,  all  costs  include  contingencies.  More  detailed  cost  and  implementation 
information  can  be  found  in  Annex  E.  Final  cost  comparisons  will  take  place  in  Appendix  I,  Economics, 

Costs  are  tabulated  for  each  of  the  eight  options  for  operating  the  four  lower  Snake  River  dams  as  shown 
in  Table  9-1. 


Table  9-1.  Options  Included  in  the  Cost  Estimates 


Option 

Number 

Existing  System  Upgrade  or 
Major  System  Improvement 

River  Operational  Strategy 

A-l 

Existing  System  Upgrade 

Adaptive  Management  Strategy 

A-la 

Existing  System  Upgrade 

In-River  Operation 

A-2a 

Existing  System  Upgrade 

Maximizing  Transport 

A-2b 

Major  System  Improvement 

Maximizing  Transport  with  SBC  (high-cost 
option) 

A-2c 

Major  System  Improvement 

Maximizing  Transport  with  SBC  (low-cost 
option) 

A-2d 

Major  System  Improvement 

Adaptive  Migration  Strategy  with  SBC 

A-6a  and  A-6b 

Major  System  Improvement 

In-River  Passage  with  SBC  and  without  BGS 

A-6d 

Major  System  Improvement 

In-River  Passage  with  BGS 

9.2  Methodology  for  Development  of  Implementation  Cost 

This  report  includes  concept  level  cost  estimates.  Estimates  were  developed  for  each  of  the  nine  options. 
Costs  are  developed  based  on  a  100-year  life  cycle  analysis.  All  costs  are  at  a  price  level  October  1,  1998 
(start  of  the  fiscal  year).  For  comparison  purposes,  no  allowance  is  included  for  inflation  to  cover 
construction  time.  A  period  extending  from  2001  to  2045  is  included  in  the  graphs.  After  2045,  annual 
costs  are  fairly  constant. 

Construction  and  acquisition  costs  are  short  point-in-time  values,  based  on  PB-2A,  Conceptual  Design 
Reports,  and  supporting  documents.  These  budgetary  costs  include  costs  for  contracts,  construction, 
prototypes,  testing  and  development,  feasibility  studies,  real  estate,  cultural  resources,  engineering  and 
design,  construction  management,  and  project  management.  It  has  been  assumed  for  cost  development 
that  fish  passage  around  the  dams  will  not  be  impacted  during  construction.  Therefore,  in-water 
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construction  work  will  be  allowed  only  during  normal  in-water  work  windows.  Other  assumptions  and 
costs  are  documented  in  the  annexes.  The  cost  for  construction  and  acquisition  occur  for  a  short  period 
during  these  economic  studies. 

Anadromous  fish  evaluation  program  annual  costs  are  for  testing,  research,  development,  and  evaluation 
of  the  effects  of  dam  improvements  on  migrating  fish.  These  study-costs  occur  for  approximately  the  first 
25  years  of  the  construction  and  rehabilitation  improvements. 

Operations  and  maintenance  (O&M)  annual  costs  are  based  on  historical  records  received  from  Programs 
Management  Branch  within  the  Corps.  They  are  tabulated  and  broken  out  per  work  breakdown  structure 
and  separated  into  O&M  costs  for  each  dam.  Minor  and  major  rehabilitation  costs,  such  as  costs  for 
navigation  locks,  spillways,  fish  transportation,  dredging  and  miscellaneous  costs,  are  included  in  the 
O&M  cost  data.  However,  costs  for  major  rehabilitation  of  the  powerhouse  are  not  included  with  O&M 
costs. 

Costs  for  minor  repair  are  shown  as  an  annual  cost  based  upon  an  assumed  percentage  of  O&M  costs.  An 
additional  percentage  was  used  to  cover  the  cost  of  aging  equipment  and  increased  dredging.  When 
minor  repairs  and  routine  operation  and  maintenance  costs  are  combined,  the  result  is  the  complete  cost  of 
operating  and  maintaining  the  four  lower  Snake  River  dams,  except  for  major  rehabilitation  of  the  dam 
turbine  and  generator  units.  Routine  operation,  maintenance,  and  minor  repair  costs  are  included  for  the 
full  duration  of  the  economic  study. 

Major  rehabilitation  costs  are  short  point-in-time  costs  for  completely  rehabilitating  all  24  turbine  and 
generator  units  at  the  lower  Snake  River  dams.  This  includes  rehabilitation  of  the  turbines,  the  turbine 
blades  (six  blades  per  turbine),  rewinding  generators,  and  miscellaneous  work.  Because  of  the  time 
spanned  by  the  economic  study,  more  than  one  rehabilitation  will  be  required.  The  second  group  of 
turbine  rehabilitations  is  not  shown  in  the  table  or  on  the  graphs  because  they  would  occur  very  far  in  the 
future,  but  the  second  group  of  rehabilitation  costs  is  included  in  the  economic  studies  report.  These 
major  repair  and  rehabilitation  costs  are  assumed  to  occur  during  various  short  periods  within  the 
economic  study  life. 

Fish  hatchery  annual  costs  are  for  operating,  repairing,  and  rehabilitating  the  fish  hatcheries.  The  costs 
for  operating  and  maintaining  the  fish  hatcheries  are  assumed  to  occur  for  the  full  duration  of  the 
economic  study. 

Bureau  of  Reclamation  (BOR)  water  acquisition  annual  costs  include  obtaining  additional  water  for  flow 
augmentation  to  aid  downstream  migrating  fish.  Average  costs  for  water  acquisition  were  used  in  the 
development  of  these  costs.  The  water  is  purchased  from  natural  (irrigator)  flow  rights,  changes  in  lower 
Snake  River  reservoir  operations,  and  additional  water  from  BOR  storage  reservoirs.  These  water 
purchase  costs  occur  for  the  full  duration  of  the  economic  study. 
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9.3  Uncertainties 

The  yearly  costs  profile  graphs  show  the  funds  needed  to  accomplish  the  work  on  schedule  (without 
inflation).  However,  final  schedules  and  project  costs  depend  upon  funding  limitations  and  will  be 
adjusted  accordingly.  The  schedules  assume  that  work  will  start  in  FY  2001  (Oct  1,  2000). 

Because  various  aspects  of  the  fish  mitigation  program  are  in  the  early  stages  of  development,  certain 
requirements  may  change  and  costs  may  vary.  There  were  no  additional  costs  included  for  future 
improvements  to  the  existing  fish  facilities  that  may  occur  upon  completion  of  research. 

The  24  lower  Snake  River  dam  turbine  units  have  an  approximate  life  span  of  35  to  50  years.  It  is 
assumed  that  approximately  10  years  is  required  to  rehabilitate  the  six  turbine  units  at  each  dam,  and  only 
one  turbine  unit  can  be  rehabilitated  at  a  time,  in  order  to  maintain  consistent  power  production.  Also,  it 
is  assumed  that  rehabilitation  will  occur  at  just  one  dam  at  a  time  due  to  anticipated  funding  limitations. 
The  schedule  assumes  the  final  turbine  unit  rehabilitation  at  each  dam  will  be  completed  10  years  after  the 
end  of  its  estimated  50-year  life  span  (see  schedule).  This  method  is  a  conservative  approach  to 
rehabilitation  of  the  turbine  units. 

Schedules,  concept  costs,  and  the  fish  mitigation  program  are  under  development  and  are  subject  to 
change  as  direction  and  funding  are  made  available.  All  annual  costs  are  an  approximation  of  fluctuating 
costs  and  funding  and  are  subject  to  change  over  time. 

9.4  Summary  Tables  and  Graphs 

Tables  9-2  and  9-3  and  Figure  9-1  provide  a  summary  of  costs  and  implementation  schedules  for  each  of 
the  options  described  in  Section  9.1.  More  detailed  information  Is  available  in  Annex  E. 
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FIGURE®-!'  -  EXISTING  SYSTEM  UPGRADES  AND  MAJOR  SYSTEM  IMPROVEMENTS 
^  SUMMARY  IMPLEMENTATION  STUDY  PROFILE 
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Table  9-3.  Summary  Table  of  Implementation  Costs  and  Schedules  for  Major  System  Improvement  Options  (Construction  costs 
includes  Existing  System  Upgrades) 

Construction  Anadromous  Fish  AFEP  Routine  O  &  M  Major 

Option  No./  Construction  Schedule  Evaluation  Program  Schedule  and  Minor  Rehabilitation  Major  Rehabilitation  of 

Description  (Spill  Costs  (Duration-  (AFEP)  annual  costs  for  (Duration  Annual  Repair  of  Turbines  Turbines  Schedule  BOR  COSTS 
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10.  Glossary 

3-D  cams:  Computer  software  based  upon  the  turbine  performance  curves  that  automatically  adjusts  the 
wicket  gate  openings  and  turbine  blade  angle  to  optimize  turbine  efficiency. 

Adaptive  Migration  Strategy:  This  strategy  allows  for  the  use  of  either  in-river  bypass  and/or 
transportation  of  juvenile  fish. 

Anadromous  Fish:  Fish,  such  as  salmon  or  steelhead  trout,  which  hatch  in  fresh  water,  migrate  to  and 
mature  in  the  ocean,  and  return  to  fresh  water  as  adults  to  spawn. 

Anadromous  Fish  Evaluation  Program  (AFEP):  Involves  biological  evaluations  of  anadromous  fish 
and  evaluations  of  proposed  dam  modifications  to  predict  resulting  impacts  to  fish. 

Behavioral  guidance  structure  (BGS):  Long,  steel,  floating  structure  designed  to  simulate  the  natural 
shoreline  and  guide  fish  toward  the  surface  bypass  collection  system  by  taking  advantage  of  their  natural 
tendency  to  follow  the  shore. 

Collection  channel;  A  channel  within  the  powerhouse  that  downstream  migrating  fish  enter  after  being 
guided  away  from  the  turbines  with  turbine  intake  screens  or  a  surface  collector.  The  fish  travel  down  the 
channel  to  a  juvenile  fish  facility  where  they  are  transported  downstream  of  Bonneville  dam. 

Combined  bypass  efficiency  (CBE):  Refers  to  the  total  number  offish  guided  by  the  screens  or 
collected  by  a  surface  collector,  as  a  percentage  of  the  total  number  of  fish  approaching  the  powerhouse. 

Cylindrical  dewatering  screens:  A  structure  used  for  reducing  the  flow  of  water  to  the  juvenile  fish 
facilities.  Cylindrical  dewatering  screens  may  be  an  improvement  over  existing  dewatering  screens,  but 
need  to  be  tested  using  a  prototype  before  implementation. 

Dewatering:  The  process  of  removing  excess  water  from  a  surface  collector  or  the  juvenile  fish 
collection  system  in  order  to  have  reduced  flow  that  the  juvenile  fish  facilities  can  handle. 

Dissolved  gas  supersaturation:  Caused  when  water  passing  through  a  dam’s  spillway  carries  trapped  air 
deep  into  the  waters  of  the  plunge  pool,  increasing  pressure  and  causing  the  air  to  dissolve  into  the  water. 
Deep  in  the  pool,  the  water  is  “supersaturated”  with  dissolved  gas  compared  to  the  conditions  at  the 
water’s  surface. 

Existing  System:  The  existing  hydrosystem  operations  under  the  National  Marine  Fisheries  Service’s 
1995  and  1998  Biological  Opinions.  The  Corps  would  continue  to  increase  spill  and  manipulate  spring 
and  summer  river  flows  as  much  as  possible  to  assist  juvenile  salmon  and  steelhead  migration.  Juvenile 
salmon  and  steelhead  would  continue  to  pass  the  dams  through  the  turbines,  over  spillway,  or  through  the 
fish  bypass  systems.  Transportation  of  juvenile  fish  via  barge  or  truck  would  continue  at  its  current  level. 

Existing  System  Upgrades:  Changes  implemented  to  improve  the  effectiveness  of  the  current  fish 
collection/bypass  facilities. 

Extended  submerged  bar  screens  (ESBS):  Screens  extending  in  front  of  the  turbines  to  guide  fish  away 
from  the  turbines,  up  to  the  juvenile  fish  collection  channel  inside  the  dam.  These  are  an  alternative  to 
submerged  traveling  screens. 
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Fish  collection/handling  facility:  Holding  area  where  juvenile  salmon  and  steelhead  are  separated  from 
adult  fish  and  debris  by  a  separator  and  then  passed  to  holding  ponds  or  raceways  until  they  are  loaded 
onto  juvenile  fish  transportation  barges  or  trucks. 

Fish  guidance  efficiency  (FGE):  Percent  of  juvenile  salmon  and  steelhead  diverted  away  from  the 
turbines  by  submerged  screens  or  other  structures. 

Fish  Hatcheries:  Hatcheries  operated  to  compensate  for  reduced  numbers  of  anadromous  fish. 

Fish  Ladder:  A  structure  designed  to  provide  safe  adult  fish  passage  from  the  downstream  to  the 
upstream  side  of  each  dam. 

Fish  passage  efficiency  (FPE):  Portion  of  all  juvenile  salmon  and  steelhead  passing  a  facility  that  do  not 
pass  through  the  turbines. 

Fish  Separators:  Structures  that  separate  juvenile  salmon  from  juvenile  steelhead. 

Flow  Augmentation:  Includes  the  use  of  upstream  storage  for  flow  augmentation.  Flow  augmentation 
decreases  the  duration  of  downstream  migration  of  juvenile  fish. 

In-River  Bypass:  Operations  that  bypass  fish  directly  to  the  tailrace  via  existing  spillways  or  through 
some  type  of  fish  bypass  system. 

Involuntary  Spill:  Spill  that  is  required  to  pass  high  river  discharge  past  the  project  once  powerhouse 
capacities/owner  requirements  have  been  reached. 

Juvenile  fish  transportation  system:  System  of  barges  and  trucks  used  to  transport  juvenile  salmon  and 
steelhead  from  the  lower  Snake  River  or  McNary  dam  downstream  of  Bonneville  dam  for  release  back 
into  the  river. 

Minimum  Operating  Pool  (MOP):  The  bottom  one  foot  of  the  operating  range  for  each  reservoir.  The 
reservoirs  normally  have  a  3-foot  to  5-foot  operating  range. 

Removable  spillway  weir  (RSW):  A  removable  steel  structure  that  is  attached  to  the  forebay  of  an 
existing  spillbay,  creating  a  raised  overflow  weir  above  and  upstream  of  the  existing  spillway  crest. 

Simulated  Wells  intake  (SWI):  Modified  turbine  intake  that  draws  water  from  below  the  surface  so  that 
the  surface  is  calmer  and  juvenile  fish  are  less  influenced  by  turbine  flows.  This  allows  juvenile  fish 
more  opportunity  to  discover  and  enter  the  SBC. 

Spill  Operations:  Includes  voluntary  spill  to  assist  in  the  bypassing  of  juvenile  salmon  and  steelhead 
over  the  dam  spillways.  The  spill  is  thought  to  attract  the  fish  away  from  the  turbines,  and  towards  the 
spillway. 

Spillway  extension  structure  (SES):  A  structure  attached  to  the  upstream  face  of  the  spillway  to  aid  in 
passing  water  from  the  surface  collector  over  the  spillway. 

Spillway  flow  deflectors  (flip  lips):  Structures  that  limit  the  plunge  depth  of  water  over  the  dam 
spillway,  producing  a  less  forceful,  more  horizontal  spill.  These  structures  reduce  the  amount  of 
dissolved  gas  trapped  in  the  spilled  water. 
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Submerged  traveling  screen  (STS):  Structures  with  a  moving  (traveling)  screen  extending  in  front  of 
the  turbines  to  guide  fish  away  from  the  turbines,  up  to  the  juvenile  fish  collection  channel  inside  the  dam. 
These  are  an  alternative  to  extended  submerged  bar  screens. 

Surface  bypass  collector  (SBC)  system:  Structures  designed  to  divert  fish  at  the  surface  before  they 
dive  and  encounter  the  existing  turbine  intake  screens.  SBCs  collect  the  juvenile  fish  and  guide  them 
downstream,  either  over  the  dam  spillway  or  to  the  juvenile  fish  transportation  system. 

Transport:  Directing  fish  to  a  truck  or  barge  transport  system  with  capabilities  to  bypass  fish  to  the 
tailrace  in  an  emergency. 

Trash  Boom:  A  floating  structure  in  front  of  the  dam  to  collect  floating  debris.  The  trash  boom  prevents 
trash  from  getting  into  the  juvenile  fish  collection  system  and  causing  damage  to  fish,  clogging  of  screens, 
etc. 

Voluntary  Spill:  Bypassing  water  over  the  spillway  intended  to  attract  juvenile  fish  to  the  spillways  for 
in-river  passage. 
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FIGURES 

Figure  1.  Fish  Ladder  at  Little  Goose  Dam  E-A-2 

Figure  2.  Fish  Transportation  Truck  E-A-5 

Figure  3.  Elements  of  a  typical  Juvenile  Fish  Collection  Facility  E-A-6 

Figure  4.  Fish  Transportation  Barge  E-A-7 

Figure  5.  An  ESBS  E-A-9 

Figure  6.  Typical  Spillway  Deflector  E-A-12 

Figure  7.  Lower  Snake  River  Fish  and  Wildlife  Compensation  Plan  Hatcheries  E-A-13 
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1.  General 


This  annex  provides  a  detailed  description  of  the  elements  of  the  existing  conditions.  This 
description  includes  not  only  the  facilities  that  currently  exist  at  the  dams  and  reservoirs  on  the 
lower  Snake  River,  but  also  future  improvements  to  those  facilities  that  are  considered  to  be 
reasonable  and  prudent. 

The  existing  conditions  consist  of  continuing  the  fish  passage  facilities  and  operations  that  were 
in  place  or  under  development  at  the  time  the  feasibility  study  was  initiated.  The  existing 
conditions  include: 

•  adult  fish  passage  systems  including  fish  ladders,  pumped  attraction  water  supplies,  and 
powerhouse  fish  collection  systems  operated  as  specified  in  the  1995  and  1998  Biological 
Opinion  and  Supplemental  Biological  Opinion 

•  juvenile  fish  bypass/collection  systems  at  the  lower  Snake  River  dams.  This  includes 
collecting  and  transporting  a  portion  of  the  juvenile  fish  outmigration  as  specified  in  the 
1995,  1998  Supplemental  Biological  Opinion,  and  the  ESA  Section  10  Permit  (  No.  895)  for 
the  Juvenile  Fish  Transportation  Program  (JFTP) 

•  operating  the  lower  Snake  River  reservoirs  at  minimum  operating  pool  (MOP)  during  the 
outmigration  as  specified  in  the  1995  and  1998  Biological  Opinions 

•  operating  turbines  within  1  percent  of  peak  efficiency  at  the  dams 

•  providing  spill  to  bypass  juvenile  salmon  and  steelhead 

•  using  upstream  storage  for  flow  augmentation  as  required  in  the  Biological  Opinion  and 
Supplemental  Biological  Opinion  for  operation  of  the  Federal  Columbia  River  Power  System 

•  completing  the  installation  of  gas  control  measures  at  the  dams 

•  monitoring  and  controlling  total  dissolved  gas  levels  to  state  standards 

•  providing  or  operating  and  maintaining  fish  hatcheries  for  compensation  for  dam  caused  fish 
losses. 


2.  Adult  Fish  Facilities 

Since  the  construction  of  each  dam,  the  Corps  has  operated  adult  fish  collection  and  passage 
facilities  at  each  lower  Snake  River  dam.  These  facilities  were  developed  in  collaboration  with 
the  fishery  agencies  of  the  region.  Although  facilities  differ  at  each  dam,  they  have  certain 
common  features.  Each  dam  is  comprised  of  the  powerhouse,  spillway,  navigation  lock,  and  an 
earth  fill  section.  The  position  of  each  element  with  respect  to  one  another  varies  from  dam  to 
dam.  In  development  of  each  dam,  hydraulic  models  were  used  to  select  the  best  location  for 
adult  fish  facilities.  Typically,  there  is  a  set  of  main  fishway  entrances  near  the  far  end  of  the 
spillway,  between  the  spillway  and  powerhouse,  and  at  the  near  end  of  the  powerhouse.  Two 
entrances  are  typically  used  at  each  location.  Additional  smaller  entrances  (floating  orifice  gates) 
are  provided  across  the  face  of  the  powerhouse.  At  Ice  Harbor  and  Lower  Monumental  Dams, 
there  is  one  fish  ladder  on  the  spillway  side  and  one  on  the  powerhouse  side  to  allow  fish  passage 
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over  the  dam.  At  Little  Goose  and  Lower  Granite  Dams,  fish  entering  the  spillway  entrance  pass 
under  the  spillway  through  a  tunnel.  The  tunnel  connects  to  the  powerhouse  fish  collection 
system.  Fish  entering  the  north  powerhouse  entrances,  fish  entering  through  floating  orifices 
along  the  face  of  the  powerhouse,  and  fish  entering  the  south  powerhouse  entrances,  all  pass  over 
the  dam  via  one  fish  ladder  on  the  south  abutment  of  the  dam.  Adult  fish  facilities  are  operated  in 
accordance  with  the  Corps’  Fish  Passage  Plan  as  prescribed  in  the  1995  and  1998  Biological 
Opinions.  Studies  are  underway  to  improve  facilities  and  operations  in  accordance  with  the 
Biological  Opinions.  Modifications  to  the  adult  fish  attraction  water  system  are  being  considered 
for  all  adult  fishways  at  each  lower  Snake  River  dam  per  the  1995  Biological  Opinion.  This  may 
include  electrical  upgrades  to  provide  a  more  reliable  source  of  electrical  power  to  the  attraction 
water  pumps,  upgrading  existing  pumps,  adding  new  pumps  or  adding  a  gravity  feed  system  for 
the  attraction  flow.  These  measures  will  ensure  an  adequate  water  supply  for  the  fish  ladders  in 
the  event  of  a  pump  failure. 


Figure  1.  Fish  Ladder  at  Little  Goose  Dam 

3.  Juvenile  Fish  Bypass/Collection  Systems 

Juvenile  fish  bypass  facilities  were  developed  or  installed  as  the  four  lower  Snake  River  dams 
were  constructed.  Facilities  were  upgraded  as  new  technology  developed.  In  1987,  the  Columbia 
River  Fish  Mitigation  Program  (CRFMP)  was  initiated.  Under  CRFMP,  juvenile  fish 
bypass/collection  facilities  were  to  be  upgraded  at  all  of  the  lower  Snake  River  dams,  as  well  as  at 
McNary,  John  Day,  The  Dalles,  and  Bonneville  Dams  on  the  lower  Columbia  River.  On  the 
lower  Snake  River,  facilities  were  upgraded  at  each  dam.  A  typical,  modem  facility  consists  of 
existing  and  new  features  as  described  below: 
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Turbine  intakes 

Each  generating  unit  at  the  lower  Snake  River  dams  has  three  turbine  intakes  (funnel  shaped 
entrances  that  allow  water  into  the  turbine).  Each  intake  is  protected  by  a  trash  rack  (steel 
grating)  that  has  openings  6  inches  wide  by  6  feet  high.  Juvenile  and  adult  fish  pass  through 
these  trash  racks  when  they  enter  the  turbines.  With  three  intakes  per  turbine,  and  six  turbines  per 
lower  Snake  River  Dam,  there  are  18  openings  where  fish  enter  the  powerhouse.  Turbine  intakes 
are  similar  at  the  four  dams  except  that  they  are  slightly  smaller  at  Ice  Harbor  Dam  where  the 
turbines  are  smaller. 

Turbine  intake  screens 

Standard  length  traveling  fish  screens  (STSs)  are  devices  that  are  lowered  into  the  turbine 
bulkhead  slots,  tilted  out  to  a  55  degree  angle,  and  divert  fish  from  the  turbine  intake  up  the 
bulkhead  slot.  The  screened  area  is  6  meters  (20  foot)  high  and  6  meters  (20  foot)  wide.  The 
screen  is  a  continuous  belt  that  travels  around  the  frame  like  a  conveyer  belt.  A  perforated  plate 
between  the  front  and  back  of  the  screen  creates  a  sort  of  hydraulic  cushion  at  the  upstream  face 
of  the  screen,  preventing  fish  from  becoming  impinged  on  the  screen.  The  flow  is  diverted 
upwards,  carrying  the  fish  to  the  bulkhead  slot.  The  screen  revolves  so  that  debris  collected  on 
the  front  face  is  carried  over  to  the  back  side  where  it  is  washed  off  by  the  flow  through  the 
screen.  Standard  traveling  screens  have  been  replaced  with  extended  submersible  bar  screens 
(ESBSs)  at  Lower  Granite  and  Little  Goose  Dams,  These  screens  are  12  meters  (40  foot)  long 
and  6  meters  (20  foot)  wide.  They  have  a  stainless  steel  bar  screen  face  with  a  trash  brush  that 
carries  debris  up  the  face  and  over  the  top  of  the  screened  area.  Like  the  STSs,  the  ESBSs  have  a 
perforated  plate  behind  the  screen  to  create  a  hydraulic  cushion  to  guide  the  fish.  STSs  are  still 
used  at  Lower  Monumental  and  Ice  Harbor  Dams. 

Bulkhead  slots  and  orifices 

Fish  guided  into  the  bulkhead  slot  swim  or  are  carried  upward  by  the  flow  deflected  by  the  fish 
screen.  A  vertical  barrier  screen  allows  most  of  the  flow  to  go  into  the  operating  gate  slot 
downstream  of  the  bulkhead  slot.  Typically,  there  is  0.31  m3/s  (11  cfs)  to  0,71  m3/s  (25  cfs)  of 
flow  exit  from  the  bulkhead  slot  into  a  collection  channel  within  the  powerhouse.  There  are 
typically  two  12-inch  orifices  per  bulkhead  slot.  One  or  two  orifices  are  operated,  depending  on 
the  elevation  of  the  reservoir.  If  the  reservoir  is  full,  one  orifice  is  operated.  If  it  is  at  MOP,  two 
orifices  may  be  operated.  Orifices  at  Lower  Granite  Dam  are  0.25  meters  (10  inches)  in  diameter 
pending  an  upgrade,  which  is  discussed  later. 

Collection  gallery 

At  Lower  Granite  Dam,  a  collection  gallery  was  constructed  in  the  dam.  It  is  a  tunnel  1.8  meters 
(6  feet)  wide  and  3.7  meters  (12  feet)  high  running  from  the  north  end  of  the  powerhouse  to  the 
south  end.  Orifices  from  the  bulkhead  slots  and  fish  screen  slots  (upstream  of  the  gallery,  but 
abandoned  because  they  did  not  work)  empty  into  the  collection  channel.  Enough  orifices  are 
operated  to  maintain  approximately  6.85  m3/s  (242  cfs)  flow  in  the  gallery.  At  the  south  end  of 
the  powerhouse,  the  gallery  turns  downward  into  a  funnel  shaped  downwell  for  20  meters  (65 
feet)  before  entering  a  1,066-millimeter  (42-inch)  pipe.  At  Little  Goose  and  Lower  Monumental 
Dams,  which  were  constructed  with  imbedded  pipelines  for  juvenile  bypass  systems,  subsequent 
modifications  resulted  in  mining  of  tunnels  similar  to  the  gallery  at  Lower  Granite  Dam.  At  Ice 
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Harbor  Dam,  a  collection  channel  was  constructed  in  the  ice/trash  sluiceway  along  the  upper  face 
of  the  powerhouse. 

Bypass  pipe  or  flume 

As  mentioned  above,  Lower  Granite  Dam  has  a  1,066-millimeter  (42-inch)  pipeline  from  the 
powerhouse  to  the  juvenile  fish  facility  approximately  762  meters  (2,500  feet)  downstream. 

There  is  20  meters  (65  feet)  of  head  on  the  water  and  fish  that  are  released  at  the  juvenile  fish 
facility  when  the  water  upwells  at  the  fish  separator.  Research  conducted  by  the  National  Marine 
Fisheries  Service  (NMFS)  and  University  of  Idaho  researchers  have  identified  the  pressurized 
pipe  as  the  most  stressful  part  for  fish  within  the  bypass  system.  Therefore,  when  the  juvenile 
fish  facilities  were  upgraded  at  Little  Goose  (1989),  Lower  Monumental  (1991),  and  Ice  Harbor 
(1995)  Dams,  non-pressurized  flumes  were  constructed  to  get  fish  from  the  collection 
channel/gallery  to  the  fish  collection/handling  facilities. 

Fish  collection/handling  facilities 

Fish  arriving  at  the  juvenile  fish  facilities  by  pipe  or  flume  are  separated  from  adult  fish  and 
debris  by  a  wet  separator.  Juvenile  fish  swim  down  through  bars  spaced  so  that  adult  fish  and 
debris  are  passed  over  the  end  and  back  to  the  river.  The  juvenile  fish  exit  the  separator  via  a 
flume  where  several  samples  per  hour  are  diverted  into  a  sample  handling  tank.  Most  (usually 
around  97  percent  of  the  annual  collection)  are  either  loaded  directly  into  a  barge  or  are  passed  to 
holding  ponds  or  raceways  where  they  are  held  until  being  loaded  into  a  truck  or  barge.  The 
sampled  fish  are  anesthetized,  and  handled  by  state  fishery  agency  biologists  to  obtain  species 
composition,  size,  weight,  mark,  descaling,  injury,  and  mortality  data  necessary  for  operation  of 
the  transportation  program.  At  Little  Goose  and  Lower  Monumental  Dams,  the  separator 
separates  smaller  salmon  from  larger  steelhead.  These  fish  are  then  handled  and  transported 
separately.  At  Ice  Harbor  Dam  where  fish  are  not  transported,  a  sample  of  fish  is  diverted  to 
obtain  fish  species  and  composition  information,  but  the  majority  of  fish  are  bypassed  directly  to 
the  tailrace  below  the  dam. 

Transportation 

Collection  at  Lower  Granite  Dam  starts  March  25  per  the  1998  Biological  Opinion,  and  a  few 
days  later  at  Little  Goose  and  Lower  Monumental  Dams.  One  or  two  13.2-m3  (3500-gallon)  fish 
tanker  trucks  operate  from  each  dam.  Fishery  agency  criteria  require  that  fish  cannot  be  held 
more  than  48  hours  once  collected  at  the  dams,  nor  can  transport  to  the  release  site  below 
Bonneville  Dam  take  more  than  48  hours.  Per  fish  agency  barging  criteria  of  60  kilogram/m3  QA 
pound  per  gallon),  up  to  794  kilograms  (1,750  pounds)  of  fish  can  be  transported  in  a  fish  tanker. 
At  22  fish  per  kilogram  (10  fish  per  pound),  a  truck  could  haul  up  to  17,500  fish.  Early  in  the 
season,  daily  collection  at  Lower  Granite  Dam  is  very  low  (less  than  100  fish  per  day).  As  the 
spring  begins,  the  fish  begin  to  migrate.  By  the  second  week  of  April,  fish  collection  may  reach 
20,000  fish  per  day.  Fish  are  trucked  from  all  three  dams  with  fish  being  released  at  a  facility  on 
Bradford  Island  at  Bonneville  Dam. 


H:\WP\1346\Appendices\FEIS\E  -  Major  Sys  Imp\CamRdy\Annexes\AnncxA.doc 


E-A-4 


Figure  2.  Fish  Transportation  Truck 

A  typical  truck  trip  takes  about  8  hours  from  Lower  Granite  to  Bonneville  Dam  (slightly  less  time 
from  the  other  dams  that  are  further  downstream).  When  counts  reach  about  20,000  fish  per  day 
at  Lower  Granite  Dam,  barging  begins.  When  barging  starts,  fish  are  loaded  at  Lower  Granite, 
then  the  barge  stops  at  Little  Goose,  and  Lower  Monumental  Dams  to  pick  up  more  fish.  Thirty 
to  40  hours  after  leaving  Lower  Granite  Dam,  the  fish  are  released  from  the  barge  below 
Bonneville  Dam.  Eight  barges  are  used:  two  326  m3  (86,000  gallon)  barges  holding  10,400 
kilograms  (23,000  pounds)  of  fish,  two  379  m3  (100,000  gallon)  barges  holding  22,700  kilograms 
(50,000  pounds)  of  fish,  and  four  568  m3  (150,000  gallon)  holding  34,000  kilograms  (75,000 
pounds)  of  fish.  When  spill  is  not  excessive,  barges  may  be  moored  at  the  Lower  Granite  and 
Little  Goose  facilities,  and  fish  are  loaded  into  the  barges  without  passing  through  the  raceways. 
This  eliminates  the  stress  of  loading  from  the  raceways.  Early  in  the  season,  a  barge  leaves 
Lower  Granite  every  other  day.  As  collection  numbers  approach  100,000  fish  per  day,  barging  is 
increased  to  every  day.  Except  during  the  peak  of  the  migration,  barges  are  not  fully  loaded. 
With  a  record  peak  of  893,100  fish  in  one  day  at  Lower  Granite  Dam,  barge  capacity  can  be 
exceeded.  In  that  case,  fish  must  be  bypassed  back  to  the  river  to  avoid  exceeding  holding 
criteria.  Transportation  peaked  in  1990  when  over  22  million  fish  were  collected  and  over  21 
million  were  transported.  Since  then,  numbers  transported  have  declined  because  wild  and 
hatchery  production  have  fluctuated,  spring  transport  from  McNary  Dam  has  been  curtailed,  and 
the  fishery  agencies  and  tribes  have  imposed  a  spread-the-risk  policy  that  uses  spill  to  keep  more 
fish  in  the  river.  Currently,  the  goal  is  to  transport  half  of  the  Snake  River  salmon  and  steelhead. 
About  15  million  fish  are  collected  and  about  13  million  fish  are  transported. 


H:\WP\1346\Appendices\EEIS\E  -  Major  Sys  frnp\CamRdy\Annexes\AimexA.doc 


E-A-5 


Appendix  E 


Extended  Submargod 
Bar  Screens  or 
Submerged  Traveling 
Screens 


Figure  3.  Elements  of  a  typical  Juvenile  Fish  Collection  Facility 

Upgrading  fish  collection/transportation  facilities  at  Lower  Granite 

As  mentioned  above,juvenile  fish  facilities  were  upgraded  through  the  CRFMP  .  Upgrading  the 
Lower  Granite  facility  was  postponed  in  response  to  a  request  by  the  Columbia  Basin  Fish  and 
Wildlife  Authority  (CBFWA)  until  the  Feasibility  decision  is  made  in  1999.  The  rationale  for 
postponement  was  that  the  current  facility  provides  high  survival  (99.5+percent),  and  the  cost  of 
replacing  the  facility  to  eliminate  known  stress  problems  might  be  lost  if  a  decision  is  made  to 
breach  the  dam.  Therefore,  if  the  decision  is  to  continue  current  operations,  replacing  this 
facility  would  be  an  element  of  that  action.  The  Corps  had  completed  a  Decision  Document, 
dated  August  1995,  for  a  new  facility  at  Lower  Granite  Dam.  According  to  that  document, 
upgrading  the  Lower  Granite  Juvenile  Fish  Facility  would  include: 

•  Replacing  the  thirty-six  (36)  254-millimeter  (10-inch)  orifices  from  the  bulkhead  slots  to  the 
juvenile  fish  collection  gallery  with  thirty-six  (36)  305-millimeter  (12-inch)  orifices.  Each 
orifice  would  be  equipped  with  an  air  operated  knife  valve,  and  an  air  back-flush  system  for 
dislodging  debris.  The  valves  would  be  automated  and  controlled  with  a  programmable  logic 
control  computer  so  they  could  be  cycled  to  prevent  clogging. 

•  Mine  the  gallery  to  a  2.7-meter  (9-foot)  width  so  orifice  flow  would  not  strike  the  far  wall. 
The  gallery  is  currently  1 .8  meters  (6  feet)  wide. 

•  Mine  an  exit  channel  from  the  dam  out  to  daylight  and  install  a  non-pressurized  flume  system 
to  the  fish  collection  facility.  Install  a  dewatering  system  to  reduce  the  flow  from  7.08  m3/sec 
(250  cfs)  to  1.70  m3/sec  (60  cfs),  similar  to  the  design  at  Little  Goose  Dam  and  route  the 
excess  water  to  the  adult  fish  collection  facility. 
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•  Install  a  size  separator  to  separate  small  (primarily  salmon)  from  larger  (primarily  steelhead) 
smolts  so  smaller  and  larger  smolts  can  be  transported  in  separate  truck  or  barge 
compartments. 

•  Upgrade  raceways  and  distribution  flume  systems  at  the  collection  facility, 

•  Upgrade  direct  barge  loading  facilities. 

Additional  barges 

The  existing  conditions  include  providing  additional  barges  and  facilities  to  allow  direct  loading 
at  collector  dams.  A  reconnaissance  level  report  completed  in  1996  recommended  that  a  total  of 
five  34,000-kilogram  (75,000-pound)  capacity  barges  would  be  needed  to  allow  direct  loading  at 
all  times  at  Lower  Granite  Dam.  Four  22,700-kilogram  (50,000-pound)  capacity  barges  would  be 
required  at  Little  Goose  Dam,  three  at  Lower  Monumental  Dam,  and  two  at  McNary  Dam  if 
spring  transport  resumed.  Since  that  study  was  conducted,  turn-around  time  for  the  towboats  has 
improved.  Currently,  a  total  of  four  34,000-kilogram  (75,000-pound)  capacity  barges  at  Lower 
Granite,  four  22,700-kilogram  (50,000-pound)  barges  at  Little  Goose,  three  22,700-kilogram 
(50,000-pound)  barges  at  Lower  Monumental,  and  two  at  McNary  are  required  for  maximizing 
direct  loading.  Four  34,000-kilogram  (75,000  pound  barges),  two  22,700-kilogram  (50,000- 
pound)  barges,  and  two  10,400-kilogram  (23,000  pound)  barges  are  currently  available.  The 
10,400-kilogram  (23,000-pound)  barges  need  to  be  replaced.  The  hulls  are  over  50  years  old,  and 
the  metal  is  too  thin  for  continued  safe  use.  Therefore,  seven  additional  22,700-kilogram  (50,000 
pound)  barges  would  be  required  to  replace  the  two  retired  barges  and  to  provide  the  necessary 
barges  for  direct  loading  at  all  collector  dams.  If  current  transport  criteria  continued,  five  barges 
would  be  needed  because  there  would  not  be  spring  transport  from  McNary  Dam.  The  addition 
of  these  extra  barges  would  require  the  expansion  of  barge  storage  facilities  at  Lower  Granite 
Dam,  or  at  other  locations  selected  by  the  Corps. 
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Modifying  Fish  Separators 

In  accordance  with  the  1995  Biological  Opinion,  studies  are  underway  to  improve  fish  separators. 
The  improved  separators  would  provide  for  separation  of  the  fish  by  species  at  a  relatively  high 
water  velocity  within  the  fish  flumes  instead  of  separation  at  a  lower  velocity  in  a  separation  tank, 
as  is  the  current  practice.  The  improved  separators  would  reduce  fish  stress,  delay,  and  mortality. 
Also,  the  separators  would  be  more  effective  at  separating  fish.  The  new  separators  would  be 
installed  at  Little  Goose  and  Lower  Monumental  Dams  and  included  in  an  upgrade  of  the  Lower 
Granite  Juvenile  Fish  facility. 

New  Cylindrical  Dewatering  Screens 

Design  studies  are  also  planned  for  improving  the  dewatering  systems  for  the  juvenile  fish 
collection  system.  A  cylindrical  dewatering  screen  design  is  under  consideration  that  may  be  an 
improvement  over  existing  stationary  screen  designs.  A  cylindrical  dewatering  system  would 
provide  a  more  effective  method  of  monitoring  plugging  of  the  screens  and  removing  trash.  This 
reduces  fish  mortality.  The  cylindrical  dewatering  screens  would  be  installed  at  Little  Goose, 
Lower  Monumental  and  Ice  Harbor  Dams  and  included  in  an  upgrade  of  the  Lower  Granite 
Juvenile  Fish  facility. 

New  Trash  Shear  Boom 

At  Little  Goose  Dam,  a  large  amount  of  debris  has  blocked  the  orifices  at  the  collection  gallery, 
and  significant  fish  losses  have  occurred  within  just  a  few  hours.  Therefore,  a  new  debris  shear 
boom  is  scheduled  to  be  installed  in  the  forebay  of  Little  Goose  Dam  to  capture  more  of  the 
debris  before  it  can  get  to  the  orifices. 

Improvements  to  the  ESBSs 

It  is  planned  to  modify  the  ESBSs  at  Lower  Granite  and  Little  Goose  to  improve  their  operability 
and  longevity.  One  modification  is  to  reduce  vibration  that  causes  steel  fatigue  cracking.  Also, 
underwater  mechanical  equipment  must  be  sealed  better  to  prevent  water  intrusion.  The 
mechanical  equipment  is  required  for  operation  of  the  screen  cleaners. 
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Anadromous  Fish  Evaluation  Program  (AFEP) 

The  AFEP  program  provides  continued  monitoring  offish  behavior  and  stress  levels.  The 
monitoring  is  especially  important  when  there  are  additions  or  modifications  to  the  juvenile  fish 
collection/bypass  system  or  changes  to  project  operations. 

4.  Operating  Reservoirs  at  Minimum 
Operating  Pool  (MOP) 

The  concept  of  drawing  down  reservoirs  to  increase  water  velocity  and  decrease  the  travel  time  of 
juvenile  salmon  emerged  in  the  late  1980s.  The  fishery  agencies  and  tribes  asked  to  have  the 
Snake  River  reservoirs  operated  in  the  bottom  0.305  meter  (1  foot)  of  the  operating  range.  The 
reservoirs  have  a  0.91 -meter  (3-foot)  or  1.52-meter  (5-foot)  normal  operating  range,  although 
Lower  Granite  Lake  can  be  drawn  down  approximately  6  meters  (20  feet)  if  a  major  flood  flow 
threatens  to  overtop  the  levees  at  the  confluence  of  the  Clearwater  and  Snake  rivers  in  the 
Lewiston/Clarkston  area.  With  the  listing  of  the  Snake  River  salmon  in  1991  and  1992,  NMFS 
required  operation  of  the  lower  Snake  River  reservoirs  at  MOP  during  the  juvenile  salmon 
outmigration.  Theoretically,  the  slight  decrease  in  migration  time  resulting  from  this  operation 
increases  the  survival  of  mnver  migrants,  although  there  has  never  been  any  definitive  research  to 
prove  this  theory. 
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5.  Operating  Turbines  within  1  percent  of 
Peak  Efficiency 

In  1981,  based  on  model  studies  of  turbine  efficiency,  researchers  proposed  that  operating 
turbines  within  1  percent  of  peak  efficiency  would  maximize  survival  of  juvenile  salmon  passing 
through  the  turbines  (Bell,  1981).  Since  the  mid-1980s,  the  Corps  has  made  every  effort  to 
operate  turbines  within  1  percent  of  peak  efficiency  range.  With  the  listing  of  the  Snake  River 
salmon,  the  NMFS  made  this  a  requirement.  Research  prior  to  this  operational  change  typically 
showed  about  15  percent  mortality  to  juvenile  salmon  from  passage  through  turbines  (Bell,  1986). 
Since  the  change  in  operation,  numerous  studies  have  shown  turbine  mortality  to  be  less  than  7 
percent  (Normandeau  Associates,  1992,  1994, 1996).  This  change  in  operation  has  the  potential 
of  increasing  survival  of  fish  passing  through  the  eight  dam  system  by  almost  20  percent. 

6.  Spill  for  Juvenile  Fish  Passage 

Spilling  water  over  the  spillways  at  lower  Snake  and  Columbia  river  dams  to  bypass  fish  around 
the  turbines  was  proposed  by  the  fishery  agencies  in  the  1980s.  The  premise  is  that  the  spillways 
at  98  percent  survival  are  safer  than  the  turbines  at  85  percent  survival  (the  old  regionally 
accepted  value).  However,  spill  causes  gas  supersaturation  in  the  water,  a  condition  that  is 
harmful  and  can  be  fatal  to  the  fish.  Also,  when  spill  occurs,  fish  that  could  be  collected  and 
transported  around  a  series  of  dams  are  bypassed  downstream  to  the  next  reservoir  and  whatever 
dams  are  left  to  pass.  Contrary  to  popular  thought,  spilling  of  water  does  not  speed  downstream 
fish  migration  because  water  not  spilled  would  be  passed  through  the  turbines.  The  total 
downstream  flow  rate  would  always  be  the  same.  Analysis  of  the  existing  data  indicates  that  by 
keeping  fish  inriver,  they  are  subjected  to  additional  reservoir  and  dam  mortality  that  could  be 
avoided  by  collecting  and  transporting  them  around  the  dams  and  reservoirs.  On  the  other  side  of 
the  issue,  there  are  many  who  believe  the  transportation  process  is  stressful  and  causes  additional 
direct  or  delayed  mortality  to  the  transported  fish.  The  fishery  agencies  and  tribes  have  adopted  a 
spread-the-risk  policy  that  attempts  to  keep  half  the  fish  in-river  and  allows  half  to  be  transported. 
This  is  the  policy  currently  being  followed  as  a  result  of  NMFS  incorporating  the  spread-the-risk 
policy  in  the  1995  and  1998  Biological  Opinions.  At  collector  dams,  the  percentage  of  fish 
collected  is  controlled  by  spilling  water  up  to  the  adjusted  total  dissolved  gas  cap  administered  by 
the  states  of  Oregon  and  Washington.  The  standard  of  1 10  percent  has  been  waived  to  1 1 5 
percent  in  the  forebay  and  120  percent  average  in  the  tailrace  of  each  Dam.  With  better 
monitoring  systems  being  developed  in  the  past  couple  of  years,  the  amount  of  spill  has  been 
increased  since  the  1995  Biological  Opinion,  and  the  Supplemental  Biological  Opinion  requires 
spill  to  the  gas  cap,  not  specified  levels  as  were  used  in  the  1995  Biological  Opinion.  Increasing 
the  percentage  of  spill  has  decreased  the  percentage  of  fish  collected  by  the  juvenile  fish  bypass 
systems.  Currently,  the  NMFS  and  CBFWA  are  requesting  that  spill  be  utilized  to  keep  at  least 
half  of  the  Snake  River  outmigration  in  the  river.  As  part  of  the  Feasibility  Study,  the  Corps  has 
been  studying  Surface  Bypass  Technology  at  Lower  Granite  Dam  since  1996.  This  has  been 
done  for  the  major  system  improvements  pathway,  so  it  is  not  part  of  the  existing  condition 
pathway.  However,  it  is  mentioned  here  because  it  has  been  instrumental  in  bypassing  fish  over 
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the  spillway,  decreasing  the  percentage  of  fish  transported  from  Lower  Granite  Dam,  and 
increasing  the  numbers  being  bypassed  to  Little  Goose  and  Lower  Monumental  Dams. 

7.  Flow  Augmentation 

The  original  Fish  and  Wildlife  Program  of  the  Northwest  Power  Planning  Council  (NPPC) 
included  in  a  Water  Budget,  an  amount  of  upstream  storage  to  be  controlled  by  the  fisheiy 
agencies  and  tribes  to  simulate  the  natural  spring  freshet  for  the  juvenile  salmon  outmigration 
(NPPC,  1984).  The  Fish  Passage  Center  was  established  to  manage  the  water  budget  that 
included  2,020  million  cubic  meters  (1 .64  million-acre  feet)  in  the  Snake  River  Basin.  Since  that 
time,  the  fishery  agencies  have  been  using  and  shaping  flows  in  the  Snake  and  Columbia  rivers  to 
aid  the  salmon  outmigration.  The  1995  Biological  Opinion  called  for  the  use  of  an  addition  527 
million  cubic  meters  (427,000-acre  feet)  from  upstream  storage  in  Idaho.  The  1998  BO  calls  for 
studies  to  increase  that  amount,  perhaps  by  another  1,200  million  cubic  meters  (1.0  million-acre 
feet).  Although  there  has  been  considerable  controversy  over  the  value  of  flow  augmentation,  it 
has  been  adopted  by  the  NMFS  as  a  requirement  in  the  Biological  Opinions. 

8.  Completion  of  Gas  Abatement  Measures 

When  gas  supersaturation  emerged  as  a  major  threat  to  the  survival  of  the  Snake  and  Columbia 
river  salmon  runs  in  the  late  1960s,  a  major  effort  was  made  to  modify  the  Corps  dams  to  reduce 
the  problem.  Measures  taken  were:  1)  completion  and  use  of  upstream  storage  to  minimize  spill, 
2)  installation  of  turbines  in  skeleton  bays  at  the  lower  Snake  and  Columbia  river  dams,  and  3) 
installation  of  spillway  deflectors  in  the  spillbays  at  the  lower  Snake  and  Columbia  river  dams. 
Lower  Granite  Dam  was  under  construction  at  the  time.  Spillway  deflectors  were  installed  in  all 
eight  spillbays.  Deflectors  were  installed  in  six  of  eight  bays  at  Little  Goose  and  Lower 
Monumental  Dams.  Studies  by  fishery  agency  experts  indicated  that  deflectors  should  not  be 
added  in  the  end  bays  because  plunging  flows  from  these  bays  were  necessary  to  confine  the 
skating  flow  created  by  the  deflectors.  Spillway  deflectors  were  not  recommended  at  Ice  Harbor 
Dam  because  of  concerns  over  adult  fish  passage,  and  because  it  was  only  a  few  miles  to  low 
supersaturated  waters  in  the  Columbia  River  coming  from  the  free  flowing  Hanford  Reach. 
Deflectors  were  installed  in  18  of  22  spillbays  at  McNary  Dam  with  the  two  end  bays  on  either 
end  retained  to  provide  plunging  flow  for  adult  fish  as  described  above.  Similarly,  14  of  18 
spillbays  were  equipped  with  deflectors  at  Bonneville  Dam.  John  Day  and  The  Dalles  Dams  had 
the  largest  generating  capacities  in  the  system,  so  more  water  could  pass  through  turbines,  and 
deflectors  were  not  considered  necessary.  Since  that  time,  spill  policy  has  changed.  Before,  spill 
was  minimized  to  prevent  gas  supersaturation.  Later,  it  was  decided  to  spill  up  to  a  level  of  120 
percent  gas  supersaturation  to  keep  fish  inriver  for  the  spread-the-risk  policy.  Also,  gas  capability 
has  improved  significantly  since  the  1970s,  and  knowledge  about  the  effects  of  spill  and  gas 
supersaturation  has  increased  a  great  deal.  Consequently,  the  fishery  agencies  and  NMFS  have 
required  more  spill,  and  want  more  gas  control  so  more  spill  can  be  used.  As  a  result,  in  1996 
and  1997,  spillway  deflectors  were  added  to  eight  of  10  spillbays  at  Ice  Harbor  Dam,  and  to  all  20 
spillbays  at  John  Day  Dam.  At  the  Dalles  Dam,  the  spillway  is  configured  such  that  deflectors 
are  not  considered  necessary,  although  recent  studies  have  shown  that  the  required  64  percent 
spill  there  may  be  causing  higher  fish  mortality.  As  required  by  the  1995  and  1998  Biological 
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Opinions,  studies  are  continuing  to  evaluate  installation  of  spillway  deflectors  in  bays  where  they 
have  not  been  installed.  Other  measures  such  as  raising  stilling  basins  and  installing  alternate 
methods  of  passing  water  are  under  consideration.  The  existing  condition  assumes  that  additional 
deflectors,  modifications  to  existing  spillway  deflectors,  and  pier  wall  extensions  will  be  added  at 
Lower  Granite,  Little  Goose,  and  Lower  Monumental  Dams.  Additional  deflectors  and  a  pier 
extension  are  currently  being  added  at  Ice  Harbor.  These  improvements  are  expected  to  further 
reduce  gas  levels  in  the  river. 


Figure  6.  Typical  Spillway  Deflector 


9.  Monitoring  and  Controlling  Dissolved  Gas 
Levels 


As  stated  above,  the  technology  of  monitoring  dissolved  gas  levels  has  greatly  advanced  in  the 
past  30  years.  Sensing  equipment  has  been  greatly  improved,  and  a  network  of  stations  has  been 
established  above  and  below  each  major  dam,  and  at  major  points  of  interest  throughout  the 
Federal  Columbia  River  Power  System.  Remote  sites  have  been  linked  through  satellite  and 
phone  communication  systems.  Real-time  monitoring  of  the  effects  of  spill  at  nearly  all  locations 
is  a  reality.  As  a  result,  the  Fish  Passage  Center  (who  are  charged  with  monitoring  dam 
operations  for  the  fishery  agencies  and  tribes)  and  the  NMFS  have  immediate  access  to  gas 
supersaturation  information  throughout  the  system.  As  a  result,  dam  operations  are  closely 
controlled  to  maximize  spill  to  the  120  percent  state  standards  throughout  the  juvenile  salmon 
outmigration.  Control  is  implemented  through  the  Technical  Management  Team  that  was 
established  by  the  1995  Biological  Opinion. 

10.  Fish  Hatcheries  for  Dam  Mitigation 

The  Lower  Snake  River  Fish  and  Wildlife  Compensation  Plan  was  authorized  to  mitigate  for  fish 
and  wildlife  losses  caused  by  construction  and  operation  of  the  four  lower  Snake  River  Dams. 
Based  on  15  percent  mortality  per  dam  (cumulative  mortality  of  47  percent),  hatcheries  were 
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sized  to  produce  about  28  million  juvenile  spring,  summer,  and  fall  chinook  salmon,  and 
steelhead  trout. 


Army  Corps 


Figure  7,  Lower  Snake  River  Fish  and  Wildlife  Compensation  Plan  Hatcheries 

Eleven  hatcheries  were  modified  or  constructed  along  with  a  number  of  collection  facilities  for 
gathering  adults  and  acclimation  ponds  for  acclimating  juveniles  to  water  sources  where  they 
would  return  as  adults.  In  all,  over  $200  million  in  hatchery  facilities  were  constructed.  As 
specified  in  the  Compensation  Plan,  these  facilities  are  operated  by  the  state  fishery  agencies  or 
US  Fish  and  Wildlife  Service  (USFWS).  Recently,  additional  facilities  have  been  constructed 
and  are  operated  by  the  Nez  Perce  and  Confederated  Tribes  of  the  Umatilla  Indian  Reservation. 
Dworshak  National  Fish  Hatchery  was  constructed  to  compensate  for  steelhead  and  resident  fish 
losses  associated  with  the  construction  of  Dworshak  Dam.  Dworshak  hatchery  was  later 
modified  to  include  chinook  production  under  the  Lower  Snake  River  Fish  and  Wildlife 
Compensation  Plan.  Although  hatchery  compensation  for  coho  and  sockeye  were  not  included  in 
the  Lower  Snake  River  Fish  and  Wildlife  Compensation  Plan,  subsequent  Endangered  Species 
Act  listing  of  the  sockeye  has  resulted  in  a  captive  broodstock  program  that  is  funded  by  the 
Bonneville  Power  Administration.  Also,  the  Nez  Perce  Tribe  has  been  transporting  coho  from  the 
lower  Columbia  River  to  the  Clearwater  Basin  in  an  attempt  to  re-establish  runs  of  these  salmon. 
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11.  Modifications  to  Hydropower  Turbines 

New  Turbine  Cams 

The  cams  that  control  the  turbine  blades  and  wicket  gates  may  be  modified  to  increase  the 
hydraulic  efficiency  of  the  turbines  with  ESBS  in  place.  The  increased  hydraulic  efficiency  of  the 
turbines  will  likely  reduce  fish  mortality  for  those  juvenile  fish  passing  through  the  turbines.  The 
existing  condition  assumes  the  modified  cams  would  be  added  to  all  turbines  at  all  projects. 

New  Turbine  runners 

Studies  are  currently  underway  to  develop  turbine  runners  that  reduce  fish  stress  and  mortality  for 
those  juvenile  fish  passing  through  the  turbines.  It  is  assumed  for  the  existing  condition  that  these 
turbine  runners  would  only  be  incorporated  into  turbines  requiring  future  major  rehabilitation.  It 
is  also  assumed  for  the  existing  condition  that  eventually  all  turbine  runners  at  each  of  the  four 
lower  Snake  River  dams  will  require  rehabilitation  and,  therefore,  new  fish  friendlier  turbine 
runners.  Also,  other  structural  changes  in  the  vicinity  of  the  turbine  runners  may  be  found  to 
improve  hydraulic  flow  conditions  for  the  fish  and  may  be  incorporated  into  a  major 
rehabilitation  of  the  turbines. 

12.  Other  Project  Operations 

The  continued  operation  of  the  dams  under  the  existing  condition  scenario  includes  many  non¬ 
fish  related  expenses.  For  purposes  of  developing  an  economic  analysis,  a  100-year  life  is 
assumed  for  each  of  the  lower  Snake  River  facilities.  It  is  assumed  that  in  addition  to  routine 
operation  and  maintenance  costs  that  additional  costs  would  result  from  the  eventual  replacement 
or  rehabilitation  of  major  dam  features.  A  list  of  those  features  is  provided  below.  These  features 
apply  to  each  of  the  four  lower  Snake  River  facilities. 

•  Major  Rehabilitation  of  the  turbines  and  generators 

•  Re-roofing  of  the  powerhouses 

•  Replacement  of  the  extended  submersible  bar  screens  and  vertical  bar  screens 

•  Replacement  of  the  spillway  gates 

•  Replacement  of  navigation  lock  gates,  timber  bumpers,  and  valves 

•  Replacement  of  fish  ladder  pumps 

•  Rehabilitation  of  roads  adjacent  to  the  projects 

13.  Operation  and  Maintenance  Costs 

The  continued  operation  of  all  features  of  the  Lower  Snake  River  facilities,  whether  they  exist  or 
are  proposed  under  the  existing  condition,  will  have  operation  and  maintenance  (O&M) 
requirements.  Existing  operations  include  navigation,  hydropower,  recreation,  wildlife 
mitigation,  river  dredging,  adult  and  juvenile  fish  migration,  and  miscellaneous  dam  operations. 
The  O&M  costs  are  included  in  the  cost  estimate  annex. 
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14.  Installation  Costs  for  New  or  Modified 
Project  Features 

The  cost  for  planning,  design,  and  construction  of  each  new  or  modified  project  feature  assumed 
for  the  existing  condition  is  included  in  the  cost  estimate  annex. 

15.  Implementation  Schedule 

The  assumed  date  for  midpoint  of  construction  and  the  construction  duration  for  each  task  is 
included  with  die  cost  estimate  annex. 

16.  Anadromous  Fish  Evaluation  Program 

16.1  Biological  Evaluations 

16.1.1  Biological  Research  Coordination 

Biological  evaluations  conducted  for  anadromous  fish  go  through  a  process  of  research 
development,  review,  and  regional  coordination.  This  process  is  facilitated  by  the  Northwestern 
Division  s  Anadromous  Fish  Evaluation  Program  (AFEP),  Representatives  from  federal,  state, 
and  tribal  fish  agencies  participate  in  the  AFEP  process  through  two  technical  work  groups;  the 
Fish  Facility  Design  Review  Work  Group  and  the  Study  Review  Work  Group  (SRWG). 

The  purpose  of  the  Fish  Facility  Design  Review  Work  Group  is  to  provide  a  technical  review 
process  for  the  development  of  new  or  modified  structures  that  affect  fish  passage,  specifically 
for  anadromous  salmon  and  steelhead  trout  of  the  Snake  and  Columbia  basins,  including 
engineering  designs,  construction  activities,  and  pre-  and  post-construction  evaluations.  This 
review  ensures  that  the  best  biological  information  available  is  incorporated  into  the  structure’s 
design  criteria. 

The  SRWG  is  focused  on  providing  study  development  and  a  review  process  for  research 
proposals  that  ensures  the  objectives  of  the  studies  meet  the  goals  of  die  region,  and  that  the 
study's  experimental  design  and  scientific  assumptions  are  technically  sound.  Results  from  these 
evaluations  are  incorporated  into  the  operation  or  the  design  of  new  structures  to  enhance  fish 
passage  around  hydro-projects. 

Both  of  these  technical  working  groups  are  comprised  of  multi-agency  participants  from  the 
Division  and  District  offices  of  the  Corps,  NMFS,  USFWS,  U.S  Geological  Survey  -  Biological 
Resources  Division,  Bonneville  Power  Administration,  Oregon  Department  of  Fish  and  Wildlife, 
Washington  Department  of  Fish  and  Wildlife,  Idaho  Department  of  Fish  and  Game,  and  tribal 
representation  through  the  Columbia  River  Inter-Tribal  Fish  Commission.  Together  these 
technical  working  groups  combine  the  engineering  and  biological  components  to  develop  the 
goals  and  objectives  of  each  sub-program  under  the  Columbia  River  Fish  Mitigation  Program  for 
beneficial  fish  passage  on  the  Snake  River. 
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16.1.2  Pre-and  Post-  Construction/Implementation  Evaluations 

All  work,  regardless  of  its  origin  (construction  or  operation),  that  has  the  potential  to  impact 
salmon  as  they  pass  through  the  hydroprojects  on  the  Snake  River  is  evaluated.  The  biological 
evaluations  for  this  type  of  work  are  conducted  in  three  phases:  problem  verification;  pre¬ 
construction/operation  development;  and  post-construction/operation  performance  confirmation. 
In  general,  the  phases  that  biological  evaluations  go  through  reflect  the  phases  of  engineering  and 
operation  design  development  that  will  ultimately  lead  to  the  final  product. 

The  detail  and  extent  of  biological  evaluations  in  the  first  phase  can  vary  depending  on  the  extent 
of  information  available  about  the  problem.  Usual  investigations  in  the  first  phase  of  evaluations 
are  those  that  identify  or  confirm  the  known  or  suspected  problem  to  fish  passage,  survival,  or 
injury.  In  cases  when  the  work  being  conducted  is  for  non-fish  purposes  a  biological  component 
to  the  evaluations  may  not  be  necessary.  Under  these  conditions  the  first  phase  of  evaluations 
may  be  entirely  devoted  to  design  or  operation  investigations. 

Biological  investigations  in  the  second  phase  of  evaluations  are  usually  closely  related  with  the 
engineering  and  design  improvements,  and  development  of  experimental  operation  conditions. 
The  ultimate  goal  of  these  evaluations  is  to  provide  information  that  supports  the  selection  and 
implementation  decisions  of  new  or  modified  structures  and  operations  for  the  benefit  of  fish 
passage,  condition  and  survival. 

The  final  phase  of  biological  evaluations  includes  studies  to  verify  that  new  or  modified  structure 
for  fish  passage  or  changes  to  project  operations  perform  as  designed  and  planned,  and  also,  that 
these  changes  do  not  impact  fish  passage,  condition,  and  survival.  Results  from  these  studies 
often  lead  to  further  refinement  of  the  design  or  to  operations  specific  to  the  unique  condition 
found  at  each  hydro-project. 

16.1.3  Duration  of  Biological  Research 

The  time  frame  in  which  each  phase  of  biological  evaluation  is  conducted  is  dependent  on  the 
objectives.  The  average  duration  for  a  biological  evaluation  can  be  estimated  based  on  typical 
past  evaluations.  The  first  evaluation  phase,  problem  identification,  usually  requires  less  than  two 
years  to  conduct  and  is  highly  dependent  on  the  nature  of  the  problem  being  assessed.  Pre¬ 
construction  biological  investigations  in  the  second  phase  of  evaluations  are  closely  linked  to  the 
engineering  and  operational  development.  Often,  during  the  course  of  the  engineering  and 
biological  investigations,  problems  arise  that  require  further  investigations.  Work  in  the  second 
phase  evaluation  usually  takes  three  or  more  years  to  resolve.  Examples  of  studies  taking  more 
than  three  years  to  complete  the  pre-construction  evaluations  are  those  for  the  extended  screens, 
surface  bypass/collection,  debris  management,  and  juvenile  fish  facility  improvements. 

The  post-construction  phase  of  evaluation  occurs  following  implementation  of  full  project 
improvement  or  construction  (such  as  the  juvenile  fish  facilities).  When  the  new  designs  or 
operations  perform  as  expected  based  on  the  prototype  tests  or  when  these  changes  have  no 
negative  impact  to  fish  passage,  condition,  or  survival,  these  confirmation  evaluations  usually 
require  no  more  than  two  years  to  complete.  However,  due  to  the  uniqueness  of  various  aspects 
of  each  hydro-project,  there  is  usually  clean  up  work  that  may  extend  post-construction 
evaluations  past  the  usual  two  years.  The  project  differences  may  result  in  the  start  of  new 
biological  and  engineering  investigations  at  the  second  phase  of  pre-construction  evaluations. 
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Following  major  hydro-project  construction,  improvements,  or  major  operational  changes  a 
project  survival  study  is  conducted  for  approximately  three  sequential  years  (the  duration  of  these 
studies  is  designed  to  reduce  the  chance  of  a  poor  fish  outmigration  masking  the  benefits  of  the 
expected  project  improvement  or  performance).  These  types  of  studies  identify  the  benefits  or 
impacts  that  have  been  provided  to  fish  passage  efficiencies,  and  direct  and  indirect  survival  by 
the  hydro-project  improvement.  When  a  series  of  major  improvements  are  planned  at  one  hydro¬ 
project  the  subsequent  survival  studies  are  consolidated  into  one  study  to  reduce  costs.  It  should 
be  noted  that  the  regional  fishery  agencies  do  not  usually  support  years  of  delay  between  major 
hydro-project  changes/improvements  and  a  project  survival  study.  Therefore,  multiple  project 
studies  for  one  project  may  be  scheduled  when  more  than  five  years  occurs  between  major  hydro¬ 
project  improvements. 

16,2  Types  of  Biological  Evaluations 

Although  biological  evaluations  cannot  be  predicted  for  every  condition  or  unforeseen  problems 
in  the  future,  the  objective  of  the  work  can  be  generically  identified.  The  broad  category  of 
studies  for  evaluation  of  modifications  to  existing  systems  and  for  major  system  improvements 
and  can  be  broken  down  into  the  following  groups. 

•  Studies  that  evaluate  passage  performance  of  a  structure  (compared  to  the  expected 
performance  of  specific  project  operations  or  structures  based  on  the  designs  or  modeling 
results).  For  each  of  these  types  of  studies  there  ■will  be  a  passage  component  that  compares 
the  relative  passage  rates  to  the  various  passage  routes  available  at  the  hydro-project.  There 
may  be  various  experimental  configurations  or  operation  patterns  in  which  the  passage 
performances  are  compared  for  each  juvenile  chinook  salmon  and  steelhead  trout. 

•  Studies  that  determine  the  injury  and  direct  impact  (i.e.  descaling)  to  juvenile  fish  condition. 
This  includes  evaluations  of  direct  and  indirect  mortality  influenced  by  passage  through  or 
near  new  structures  or  passage  structures.  Included  in  these  types  of  studies  are  the 
evaluations  of  changes  to  predation  pressures  on  juvenile  salmonids  as  a  result  of  hydraulic 
changes  to  the  environment  as  a  result  of  a  new  or  modified  structure. 

•  Evaluation  of  the  impact  of  new  or  modified  structures,  or  operations  on  adult  upstream 
passage  success.  Major  structural  or  operational  changes  will  require  investigations  to 
determine  their  effects  on  adult  passage  delays  and  rates  of  adult  fallback. 

•  Project  survival  studies  for  juvenile  chinook  salmon  and  steelhead  trout  are  conducted 
following  all  major  hydro-project  improvements. 
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ANNEX B 

SURFACE  BYPASS  AND  COLLECTION  SYSTEM 
COMBINATIONS 

LOWER  SNAKE  RIVER 


[This  annex  contains  a  report  prepared  for  other  purposes  and  includes  word  tenses  that  are 
outdated  for  this  FR/EIS.  This  report  is  incorporated  into  Appendix  E  simply  because  of 

its  applicability.] 
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ABBREVIATIONS  AND  ACRONYMS 


ACI 

American  Concrete  Institute 

AGMA 

American  Gear  Manufacturers  Association 

AISC 

American  Institute  of  Steel  Construction 

ANSI 

American  National  Standards  Institute 

ASME 

American  Society  of  Mechanical  Engineers 

BGS 

behavioral  guidance  structure 

CDR 

Conceptual  Design  Report 

cfs 

cubic  feet  per  second 

Corps 

U.S.  Army  Corps  of  Engineers 

ESBS 

extended  submersible  bar  screens 

Feasibility  Study 

Lower  Snake  River  Juvenile  Salmon  Migration  Feasibility  Study 

FGE 

fish  guidance  efficiency 

FLE 

fish  ladder  extension 

ft 

feet 

ft2 

square  feet 

g 

gravitational  acceleration  (9.807  m/s2) 

hr 

hour 

IEEE 

Institute  of  Electrical  and  Electronics  Engineering 

kefs 

thousand  cubic  feet  per  second 

kg 

kilogram 

kip 

1,000  pounds 

km 

kilometer 

kN 

kilonewton 

kPa 

kilopascal 

ksi 

kip  per  square  inch 

kVA 

kilovoltampere 

kW 

kilowatt 

lb 

pound 

m 

meter 

m/s 

meter  per  second  (velocity) 

m2 

square  meter  (area) 

m3/s 

cubic  meters  per  second  (flow  rate) 

MCC 

motor  control  center 

mg/1 

milligram  per  liter 
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mm 

MOP 

MPa 

mph 

N 

NEC 

NEMA 

NMFS 

O&M 

PLC 

psf 

ROV 

RSW 

s 

SBC 

SES 

STS 

SWI 

TDG 

tonne 

UBC 

UL 

VBS 

VOC 

WES 

yd3 
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millimeter 

minimum  operating  pool 
megapascal 
miles  per  hour 
newtons 

National  Electrical  Code 

National  Electrical  Manufacturers  Association 

National  Marine  Fisheries  Service 

operation  and  maintenance 

programmable  logic  controller 

pounds  per  square  foot 

remotely  operated  vehicle 

removal  spillway  weir 

seconds 

surface  bypass  collector  or  surface  bypass  and  collection 

spillway  extension  structure 

submerged  traveling  screen 

Simulated  Wells  Intake 

total  dissolved  gas 

1,000  kilograms  (metric  ton) 

Uniform  Building  Code 
Underwriters  Laboratories,  Inc. 
vertical  barrier  screens 
volatile  organic  compound 

U.S.  Army  Corps  of  Engineers  Waterways  Experiment  Station 
cubic  yard 
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Executive  Summary 

The  Walla  Walla  District  of  the  U.S.  Army  Corps  of  Engineers  (Corps)  operates  four  lock  and  dam 
projects  on  the  lower  Snake  River  including  Lower  Granite,  Little  Goose,  Lower  Monumental,  and  Ice 
Harbor.  In  response  to  the  National  Marine  Fisheries  Service  (NMFS)  1995  Biological  Opinion 
concerning  the  operation  of  the  federal  Columbia  River  power  system,  the  Corps  is  studying  structural 
alternatives  to  improve  the  downstream  migration  of  juvenile  salmon  smolts  through  the  four  lower  Snake 
River  projects.  As  part  of  that  study,  this  report  summarizes  an  investigation  of  the  engineering  feasibility 
of  installing  surface  bypass  collector  (SBC)  systems  to  improve  the  efficiency  of  turbine  bypass  and  fish 
collection.  This  report  is  the  second  of  two  reports  investigating  SBC  development  on  the  lower  Snake 
River.  It  is  a  follow-up  to  the  first  report.  Lower  Granite  Lock  and  Dam,  Surface  Bypass  and  Collection 
System  Options,  Conceptual  Design  Report,  which  investigated  a  variety  of  SBC  designs  as  they  would 
apply  to  Lower  Granite  Lock  and  Dam. 

The  Corps  has  been  testing  a  prototype  SBC  system  at  Lower  Granite  since  the  spring  of  1996.  The  basis 
for  this  design  was  the  highly  successful  surface  oriented  bypass  system  currently  in  use  at  Wells  Dam  on 
the  mid-Columbia  River.  In  1998,  additional  components  were  added  to  the  prototype  to  gather  more 
information  about  the  factors  which  could  optimize  a  surface  collection  approach  to  effective  bypass. 
Based  on  the  results  of  this  testing,  and  the  engineering  feasibility  and  cost  information  compiled  in  the 
first  report,  SBC  system  combinations  were  developed  for  investigation  in  this  report.  Each  system 
combination  includes  a  bypass  and/or  collection  facility  located  at  each  of  the  four  projects  which  are 
designed  to  work  together  toward  achieving  a  system-wide  migration  goal.  These  goals  include 
maximizing  the  effectiveness  of  fish  transportation,  maximizing  inriver  migration,  and  an  adaptive 
migration  strategy  which  allows  for  transportation  or  inriver  migration. 

The  purpose  of  this  report  is  to  investigate,  from  an  engineering  perspective,  each  of  the  system 
combinations  developed  for  review.  The  investigation  includes  discussions  of  alternatives  for  achieving 
the  design  goals;  engineering  feasibility  assessment  for  the  chosen  alternatives;  criteria  and  requirements 
concerning  hydraulic,  structural,  mechanical  and  electrical  design;  discussions  of  construction  and 
operation  and  maintenance  (O&M)  issues;  and  conceptual  level  cost  estimates  for  engineering  design, 
construction  and  annual  O&M.  The  following  are  brief  descriptions  of  each  of  the  system  combinations: 


Maximizing  Effectiveness  of  Fish  Transportation 

System  Combination  1 :  In  System  Combination  1,  migrating  juvenile  salmon  would  be  collected  at  the 
three  upstream  projects  and  transported  downstream  using  barges  and  trucks.  The  goal  of  System 
Combination  1,  maximizing  the  number  of  fish  collected  for  transporting,  would  be  accomplished  by 
constructing  full  length  powerhouse  SBC  channels  at  each  of  the  three  upstream  projects.  The  channels 
would  contain  dewatering  screens  to  concentrate  the  fish  in  a  small  enough  flow  so  that  they  could  be 
delivered  into  the  existing  juvenile  bypass  galleries  inside  each  dam.  The  turbine  intakes  behind  the 
channels  would  be  outfitted  with  extended  length  submerged  bar  screen  (ESBS)  diversion  systems  which 
would  also  divert  fish  into  the  existing  juvenile  bypass  galleries.  At  Lower  Granite  and  Little  Goose 
these  ESBS  diversion  systems  are  already  present  and  functioning.  At  Lower  Monumental  the  existing 
submerged  traveling  screen  (STS)  diversion  system  would  need  to  be  removed  and  replaced  with  a  new 
ESBS  system.  Ultimately,  fish  collected  by  both  the  SBC  channels  and  the  ESBS  diversion  systems 
would  be  combined  and  delivered  to  the  transportation  facilities  and  either  trucked  or  barged  downstream. 
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At  Ice  Harbor,  the  most  downstream  of  the  four  projects,  the  existing  STS  diversion  system  would  be 
replaced  with  a  new  ESBS  system,  but  no  new  SBC  channel  or  other  modifications  would  be  added.  This 
reduced  approach  at  Ice  Harbor  is  based  on  the  fact  that  no  migrating  fish  are  added  to  the  river  between 
Lower  Monumental  and  Ice  Harbor,  and  with  the  collection  enhancements  described  at  the  three  upstream 
projects  there  should  be  very  few  inriver  migrating  fish  approaching  Ice  Harbor. 

System  Combination  1  A:  System  Combination  1A  also  emphasizes  the  continued  and  enhanced  use  of 
the  fish  transportation  facilities.  However,  the  goal  in  this  combination  is  to  construct  enhanced 
collection  facilities  for  the  existing  transportation  infrastructure  at  a  significantly  reduced  initial  and 
operational  cost,  relative  to  System  Combination  1.  To  facilitate  this  approach,  the  same  SBC  channel 
facilities  described  for  System  Combination  1  at  Lower  Granite  would  be  constructed.  At  the  remaining 
three  projects,  downstream  of  Lower  Granite,  only  ESBS  intake  diversion  systems  would  be  used.  The 
basis  for  this  strategy  is  that  the  majority  of  juvenile  salmon  coming  down  the  Snake  River  are  coming 
from  above  Lower  Granite.  If  the  combined  SBC  and  ESBS  systems  to  be  utilized  at  Lower  Granite 
function  as  effectively  as  anticipated,  there  would  be  few  migrating  fish  left  in  the  river  below  Lower 
Granite  and  construction  of  large,  expensive  SBC  systems  could  not  be  justified.  System  Combination 
1A  also  could  serve  as  a  prudent  first-build  approach  to  achieving  a  system  based  on  maximizing 
effectiveness  of  the  transportation  infrastructure.  It  would  allow  for  operation  of  a  production  SBC 
channel  at  Lower  Granite  to  assess  the  benefits  of  installing  similar  systems  at  Little  Goose  and  Lower 
Monumental,  and  provide  valuable  information  which  could  be  used  to  optimize  the  design  of  any 
subsequent  SBC  channels. 

Emphasis  on  Inriver  Passage 

System  Combination  2:  The  migration  strategy  for  System  Combination  2  is  to  focus  on  effective 
diversion  of  the  fish  away  from  the  turbines  while  emphasizing  inriver  migration,  and  de-emphasizing 
transportation.  For  this  combination,  all  four  projects  would  be  outfitted  with  full  length  powerhouse 
SBC  channels.  However,  these  channels  would  not  include  dewatering  screens  and  the  fish  collected  by 
the  channels  would  be  passed  directly  downstream  to  the  tailrace  through  modified  spill  flow.  As  with 
System  Combination  1,  ESBS  intake  diversion  systems  would  be  used  in  conjunction  with  the  channels  at 
all  four  projects.  Fish  diverted  by  the  ESBS  systems  would  continue  to  be  directed  to  the  juvenile 
transportation  facilities  where  a  reduced  transportation  program  could  still  be  operated,  or  these  fish  could 
be  delivered  directly  into  the  tailrace  at  that  location.  As  previously  described,  Lower  Granite  and  Little 
Goose  already  have  ESBS  systems,  and  these  would  continue  to  be  used  in  conjunction  with  the  new  SBC 
channels.  The  STS  systems  at  Lower  Monumental  and  Ice  Harbor  would  be  removed  and  replaced  with 
new  ESBS  systems. 

Adaptive  Migration  Strategy  for  Transportation  and  Bypass 

System  Combination  3:  This  approach  applies  a  migration  strategy  which  allows  for  adaptive  flexibility 
between  transportation  and  inriver  migration.  At  Lower  Granite  and  Lower  Monumental,  partial 
powerhouse  length  SBC  channels  would  be  constructed  which  would  allow  for  either  direct  bypass  to  the 
tailrace  or  a  screened  flow  mode  which  directs  the  fish  into  the  existing  juvenile  galleries.  In  this  way  it 
would  combine  features  of  the  SBC  channels  described  for  System  Combinations  1  and  2.  Therefore,  fish 
collected  by  the  SBC  could  be  directed  to  transport  facilities  or  inriver  migration.  To  guide  fish  away 
from  in  front  of  Units  1  through  4,  a  behavioral  guidance  structure  (BGS)  would  be  constructed  in  the 
forebay.  This  BGS  would  include  an  extension  to  the  adult  fish  ladder  so  that  adult  fish  passing  the 
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project  would  be  discharged  on  the  upstream  side  of  the  BGS.  At  Little  Goose,  a  full  length  powerhouse 
SBC  channel  without  dewatering,  would  collect  and  pass  fish  directly  to  the  tailrace,  as  described  for 
System  Combination  2,  At  Ice  Harbor,  a  unique,  removable,  spillway  SBC  would  be  constructed  at 
Spillbay  1,  the  spillbay  closest  to  the  powerhouse.  A  BGS  would  be  included  in  the  forebay  to  direct  fish 
toward  the  modified  spillbay  and  away  from  the  powerhouse.  Fish  collected  by  the  spillway  SBC  would 
be  passed  directly  to  the  tailrace  via  the  modified  spillbay.  As  with  the  other  system  combinations,  ESBS 
intake  diversion  systems  would  be  used  in  conjunction  with  each  of  the  four  SBC  installations. 

System  Combination  3A:  This  alternative  also  allows  for  adaptive  flexibility  between  transportation  and 
in-river  migration,  but  uses  SBC  components  differently  than  System  Combination  3.  At  Lower  Granite 
and  Lower  Monumental,  partial  powerhouse  surface  collectors  would  be  installed  to  collect  fish  for 
transportation  (no  in-river  bypass  of  fish  that  enter  these  surface  collectors).  A  BGS  would  be  installed  at 
both  Lower  Granite  and  Lower  Monumental  to  guide  fish  away  from  Turbine  Units  1  through  4.  The 
BGS  would  include  an  extension  to  the  fish  ladder  to  facilitate  adult  fish  passage.  Two  removable 
spillway  weirs  would  be  installed  at  each  dam  to  bypass  fish  across  the  spillway  to  the  tailrace.  New 
ESBS  would  be  installed  at  Lower  Monumental  to  replace  the  traveling  screens.  At  Little  Goose,  an 
occlusion  structure  would  be  placed  in  front  of  the  powerhouse  to  divert  fish  away  from  the  powerhouse 
towards  the  spillway.  Also  at  Little  Goose,  two  removable  spillway  weirs  would  be  installed  to  bypass 
fish  across  the  spillway  to  the  tailrace.  At  Ice  Harbor,  a  BGS  with  two  removable  spillway  weirs  would 
be  installed  to  provide  fish  bypass  across  the  spillway.  New  ESBS  would  be  installed  at  Ice  Harbor  to 
replace  the  existing  traveling  screens.  Each  of  the  dams  would  then  have  ESBSs  in  the  turbine  intakes  to 
be  used  for  fish  collection. 


Cost  estimates  are  provided  in  the  report  for  the  engineering  design  and  construction  associated  with  each 
of  the  components  of  the  system  combinations.  Detailed  calculations  supporting  these  estimates  are 
provided  in  the  appendices.  Additionally,  annual  operations  and  maintenance  costs  are  also  estimated.  A 
summary  of  the  estimated  costs  is  provided  below: 


Summary  of  Costs  for  System  Combinations 


System  Combination 

1 :  Maximizing  Effectiveness  of  Fish  Transportation 
1A:  Fish  Transportation  at  a  Reduced  Cost 
2:  Emphasis  on  Inriver  Passage 

3 :  Adaptive  Migration  Strategy  for  Transportation  and  Bypass 
3A:  Adaptive  Migration  Strategy  for  Transportation  and  Bypass 


Engineering  Design 

Annual 

and  Construction 

O&M 

$202,102,000 

$1,481,200 

$94,565,000 

$530,600 

$208,057,000 

$611,900 

$243,472,000 

$982,800 

$300,388,000 

$693,000 

It  is  apparent  from  these  cost  estimate  summaries  that  the  differences  in  initial  engineering  design  and 
construction  costs  for  System  Combinations  1, 2,  and  3  are  not  very  significant.  System  Combination  3 A 
has  fee  largest  initial  engineering  design  and  construction  costs.  However,  the  annual  O&M  costs  do  vary 
significantly,  with  System  Combination  1  being  most  expensive.  The  reduced  cost  of  System 
Combination  1A,  as  compared  to  System  Combination  1,  is  veiy  significant;  this  is  true  for  both  initial 
cost  and  annual  O&M  expenses. 
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1.  Introduction 

1.1  General 

The  Walla  Walla  District  of  the  U.S.  Army  Corps  of  Engineers  (Corps)  operates  four  lock  and  dam 
projects  on  the  lower  Snake  River  in  Washington  State,  The  most  upstream  of  these  projects  is  Lower 
Granite  Lock  and  Dam,  located  173.0  kilometers  (107.5  miles)  upstream  ofthe  Snake  River’s  confluence 
with  the  Columbia  River,  Progressing  downstream  from  Low'er  Granite,  the  remaining  three  lock  and 
dam  projects  are  Little  Goose,  Lower  Monumental,  and  Ice  Harbor.  Each  project  includes  a  powerhouse 
containing  six  turbine/generator  units,  a  navigation  lock,  a  multiple-bay  Tainter-gate  controlled  spillway, 
an  earthen  embankment,  and  either  one  or  two  upstream  adult  passage  fish  ladders.  The  turbine  intakes  at 
each  ofthe  projects  are  currently  fitted  with  intake  diversion  screens  for  diverting  downstream  migrating 
juvenile  salmon  smolts  from  passage  through  the  turbines.  At  Lower  Granite  and  Little  Goose,  these 
intake  screens  are  extended  length  submerged  bar  screens  (ESBS),  while  at  Lower  Monumental  and  Ice 
Harbor  the  intakes  include  standard  length  submerged  traveling  screens  (STS).  Details  concerning  the 
existing  project  features  at  each  ofthe  four  projects  are  included  in  Section  3.2. 

In  response  to  the  National  Marine  Fisheries  Service  (NMFS)  1995  Biological  Opinion  concerning  the 
operation  of  the  federal  Columbia  River  power  system,  the  Corps  is  studying  structural  alternatives  to 
improve  the  downstream  migration  of  juvenile  salmon  smolts  through  the  four  lower  Snake  River 
projects.  As  part  of  that  study,  this  report  summarizes  a  feasibility  investigation  concerning  four  surface 
bypass  and  collection  (SBC)  system  combinations  involving  structural  modifications  at  each  ofthe 
projects.  Each  combination  applies  a  different  fish  passage  approach  to  the  river  as  a  whole,  and  includes 
specific  modifications  at  each  project  designed  to  incorporate  that  approach. 

The  Corps  began  design  of  a  prototype  SBC  system  for  bypassing  juvenile  salmon  at  Lower  Granite  in 
1995.  The  basis  for  this  design  was  the  highly  successful  surface  oriented  bypass  system  currently  in  use 
at  Wells  Dam  on  the  mid-Columbia  River.  However,  Wells  Dam  is  unique  in  that  the  powerhouse  is 
located  entirely  beneath  the  project  spillbays.  Thus,  all  project  flows  (and  downstream  migrants)  are 
concentrated  in  the  combined  powerhouse/spillway  area.  By  making  convenient  use  ofthe  spillbays,  the 
Wells  bypass  system  creates  a  flow  condition  in  the  forebay  which  tends  to  guide  the  smolts  into  the 
spillbays  and  away  from  the  turbine  intakes  located  directly  below.  In  contrast,  the  four  lower  Snake 
River  projects  are  of  a  more  conventional  design  with  the  spillbays  located  adjacent  to  the  powerhouses. 

To  apply  the  SBC  concept  at  the  Lower  Granite  powerhouse,  a  large  prototype  channel  was  attached  to 
the  upstream  face  ofthe  powerhouse  to  act  as  a  collector  and  transport  conduit  for  the  fish.  The  fish 
collected  by  this  prototype  channel  are  transported  to  the  first  spillbay  for  discharge  into  the  tailrace. 
Construction  of  the  prototype  SBC  channel  was  completed  and  testing  began  in  1996.  Additional  testing 
continued  through  the  1997  and  1998  migration  seasons.  Results  ofthe  testing  has  been  encouraging 
enough  to  justify  a  feasibility  level  investigation  of  permanent  production  SBC  systems  at  the  four  lower 
Snake  River  projects. 

The  information  presented  in  Sections  1  and  2  of  this  report  provides  an  overview  and  discussion  of 
current  SBC  design  strategies  and  alternatives  being  evaluated  in  the  Lower  Snake  River  Juvenile  Sahnon 
Migration  Feasibility  Study  (F easibility  Study).  Additionally,  a  general  discussion  is  presented 
concerning  the  basic  assumptions  used  in  the  layout  of  the  system  combinations  and  the  logic  behind  the 
specific  designs  incorporated  into  each  of  the  combinations. 
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Lower  Granite  Lock  and  Dam  was  used  in  the  Corps,  Walla  Walla  District,  Lower  Granite  Lock  and 
Dam,  Surface  Bypass  and  Collection  System  Options,  Conceptual  Design  Report,  1998  (SBC  Conceptual 
Design  Report)  to  evaluate,  from  an  engineering  perspective,  various  SBC  designs,  costs,  and  schedules 
as  they  might  appear  for  a  final  system  application.  In  this  report.  Surface  Bypass  and  Collection  System 
Combinations,  Conceptual  Design  Report  (System  Combinations  CDR)  versions  of  some  of  those  design 
options  are  applied  at  each  of  the  lower  Snake  River  dams  to  create  the  river  system  combinations 
investigated.  The  design  perspective  information  presented  in  the  SBC  Conceptual  Design  Report  was 
considered  in  conjunction  with  the  biological  results  gathered  from  the  3  years  of  prototype  testing  at 
Lower  Granite  to  develop  the  system  combinations  with  the  greatest  potential  for  successful  safe  fish 
migration  through  the  river.  Each  of  the  combinations  has  a  different  goal  or  approach  to  better 
facilitating  successful  migration. 

1.2  SBC  Engineering  Concept  Reports 

The  SBC  development  is  one  of  the  major  system  improvement  options  being  considered  in  the 
Feasibility  Study.  Two  SBC-related  engineering  reports  have  been  prepared  and  will  be  used  to  develop 
an  engineering  appendix  to  be  included  in  the  Feasibility  Study  report.  This  report  is  the  second  of  the 
two  reports.  These  reports  are  as  follows: 

1.  The  Corps’  SBC  Conceptual  Design  Report  summarizes  an  investigation  of  the  engineering 
feasibility  of  installing  various  SBC  systems  at  Lower  Granite.  This  investigation  includes  reviews 
and  comparisons  of  10  SBC  options  as  they  might  apply,  specifically,  to  Lower  Granite.  This 
investigation  has  been  completed  and  the  final  report  was  submitted  in  May  1998. 

2.  The  Corps’  lower  Snake  River  SBC  System  Combinations  Conceptual  Design  Report  (this  report)  is  a 
follow-up  study  to  the  SBC  Conceptual  Design  Report.  It  evaluates  how  the  different  options 
developed  in  the  first  report  may  be  applied  to  each  of  the  lower  Snake  River  projects.  Selection  of 
system  components  was  made  based  on  how  well  the  different  components  are  predicted  to  perform 
and  on  fish-related,  operational  strategies  selected  for  the  river  system. 

Information  from  the  two  SBC-related  engineering  reports  will  be  used  in  economic  and  performance- 
related  evaluations  in  later  stages  of  the  Feasibility  Study  that  will  be  completed  in  1999. 

1.3  SBC  Prototype  Testing  at  Lower  Granite 

The  Corps  has  been  testing  an  SBC  prototype  at  Lower  Granite  since  1996.  In  1998,  two  major  features 
were  added  to  the  prototype,  a  Simulated  Wells  Intake  (SWI)  and  a  behavioral  guidance  structure  (BGS). 
The  SWI  was  placed  below  the  SBC  prototype  channel  to  test  its  ability  to  increase  the  percentage  of  fish 
being  directed  into  the  SBC  entrances.  The  1,100-foot  long  BGS  was  located  in  the  forebay  upstream  of 
the  powerhouse  to  test  its  ability  to  divert  fish  away  from  Units  1  through  3.  (See  Section  2.2.2  for 
additional  discussion  on  the  results  of  this  testing.) 

Information  gained  by  evaluating  the  SWI  and  BGS  (as  part  of  a  1998  Lower  Granite  SBC  prototype  test) 
is  critical  in  evaluating  SBC  technology.  This  technology  has  the  potential  of  significantly  improving  fish 
survival  through  the  lower  Snake  River  system.  The  immediate  SBC  prototype  development  objective 
(through  1999)  is  to  collect  information  on  SBC  perfonnance,  designs,  and  costs.  This  information  will 
be  used  as  a  basis  for  comparing  SBC  systems  with  other  options  for  improving  fish  survival  in  the  lower 
Snake  River  in  the  ongoing  Feasibility  Study.  Efforts  beyond  1999  may  involve  design  and  construction 
of  concepts  selected  for  implementation  by  regional  decision  makers. 
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1.4  Fish  Migration  Strategies 

Two  primary  strategies  were  evaluated  in  the  SBC  Conceptual  Design  Report  to  pass  juvenile  fish  past 
Lower  Granite:  1)  SBC  designs  that  would  direct  fish  to  truck  or  barge  transport  systems  with 
capabilities  to  bypass  fish  directly  to  the  tailrace  in  an  emergency,  or  2)  inriver  passage  bypassing  fish 
directly  to  the  tailrace  via  SBC  designs  including  powerhouse  collector  channels,  similar  to  the  prototype, 
and  modified  or  existing  spillbays.  The  first  system  combination  reviewed  in  this  report  (System 
Combination  1)  utilizes  the  first  strategy,  while  System  Combination  1A  represents  a  reduced-cost 
version  of  this  same  strategy.  System  Combination  2  utilizes  the  second  strategy  emphasizing  inriver 
migration. 

A  third  strategy,  being  investigated  in  this  System  Combinations  CDR,  is  a  “Spread  the  Risk”  approach. 
This  is  identified  as  System  Combination  3:  Adaptive  Migration  Strategy  for  Transportation  and  Bypass. 
This  strategy  optimizes  current  operational  objectives  where  both  inriver  and  transport  strategies  are  used 
concurrently  to  pass  fish  through  the  projects.  This  system  combination  attempts  to  address  concerns 
about  the  risks  and  effectiveness  associated  with  transport  only  and  bypass  only.  The  combined  overall 
strategy  is  to  operate  the  different  projects  so  that  a  “Spread  the  Risk”  philosophy  could  be  implemented 
considering  the  river  system  as  a  whole. 

Specific  functional  goals  and  design  approaches  for  each  of  the  system  combinations  are  described  in 
Section  2.3,  More  detailed  discussions  concerning  the  hydraulic,  structural,  mechanical,  electrical, 
construction,  and  operation  and  maintenance  issues  or  requirements  are  presented  in  Sections  5.0  through 
8.0,  along  with  drawings  and  preliminary  cost  estimates  for  the  individual  facilities  proposed  for  each 
project. 
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2.  Developmental  Background 

2.1  SBC  Technology  Overview 

The  SBC  systems  are  designed  to  provide  benign,  fish-friendly,  surface  oriented  passage  systems  that 
juvenile  fish,  already  distributed  high  in  the  water  column,  can  use  to  safely  pass  a  dam.  Justification  for 
developing  SBC  systems  relates  to  the  following:  Increasing  the  number  of  juvenile  fish  guided  for 
bypass  or  collection  through  non-turbine  routes,  reducing  fish  stress,  injury,  and  migration  delays,  and 
reducing  high-spill  levels  that  are  associated  with  dissolved  gas  problems  and  lost  power  generation. 

An  example  of  a  highly  successful  surface  oriented  bypass  system  currently  in  use  is  at  Wells  Dam  on  the 
mid-Columbia  River.  The  Wells  Dam  system  (with  its  hydrocombine  design)  would  be  different  from 
any  SBC  system  that  might  be  developed  for  lower  Snake  River  projects.  However,  lessons  are  being 
learned  from  the  surface  bypass  efforts  at  Wells  Dam,  as  well  as  ongoing  SBC  work  at  other  projects  in 
the  region.  How  effective,  and  how  these  designs  will  look,  would  vary  from  project  to  project  on  the 
lower  Snake  River. 

The  premise  behind  the  SBC  designs  is  that  fish  located  upstream  of  a  dam  generally  tend  to  follow  bulk 
flow  into  the  project.  A  key  assumption  behind  SBC  systems  is  that,  even  if  there  are  high-bulk  flows 
going  to  deep  powerhouse  intakes  or  spillway  gate  openings,  fish  tend  to  stay  surface  oriented  (if  given 
the  opportunity)  and  pass  through  a  system  at  shallower  depths.  There  are  several  factors  that  are 
believed  to  influence  the  effectiveness  of  SBC  systems  besides  bulk  flow  influences.  The  factors  include 
the  depth  offish  in  the  water  column,  flownets  produced  by  SBC  structures  as  they  relate  to  turbine  and 
spillway  hydraulics,  opportunity  of  discovery  for  fish  to  find  an  SBC  fishway  entrance  prior  to  using  a 
turbine  or  spillway  flow  passage,  and  SBC  fishway  entrance  conditions  (total  volume,  velocities, 
horizontal/vertical  orientations,  etc.). 

In  the  case  of  a  powerhouse-related  SBC  component  with  fishway  entrance  slots  (as  demonstrated  by 
Wells  Dam  and  by  SBC  prototype  designs  at  other  projects,  including  the  Lower  Granite  prototype  tests), 
fish  will  enter  SBC  fishway  entrances  with  different  levels  of  success  if  given  the  option  to  take  this 
higher  passage  route.  Changes  in  the  1998  Lower  Granite  prototype  SBC  structure  incorporated  an  SWI 
design.  This  SWI  design  effectively  makes  the  SBC  structure  deeper  and  influences  flow  lines 
approaching  the  SBC  structure  to  allow  fish  a  greater  chance  to  discover  SBC  entrances  prior  to  passing 
towards  the  turbine  intakes. 

The  design  of  the  BGS-related  SBC  component  is  based  on  the  observation  that  fish  tend  to  guide  along 
physical  structures  that  are  generally  lined  up  with  river  flow.  One  example  of  this  is  at  Rocky  Reach 
Dam  on  the  mid-Columbia  River  where  fish  follow  surface  flows  passing  by  operating  generating  units  to 
congregate  in  a  cul-de-sac  at  the  end  of  the  powerhouse.  Another  example  is  at  Lower  Granite  where  fish 
have  guided  along  a  relatively  shallow  hash  shear  boom.  The  BGS  prototype  test  design  at  Lower 
Granite  utilizes  this  same  principle  but  exaggerates  the  differences  between  deep  powerhouse  intakes  and 
surface  oriented  guidance  systems.  It  is  believed  that  a  combination  of  a  general,  downstream  angled 
flow  approach  in  the  forebay,  a  deep  physical  barrier  with  relatively  low  velocities  passing  beneath  the 
structure,  and  strong  SBC  fishway  entrance  surface  flows  at  the  downstream  end  of  the  BGS  should 
provide  for  passive  fish  movement  toward  the  entrance. 

The  Corps  and  others  in  the  region  have  been  involved  in  accelerated  programs  to  develop  and  evaluate 
different  variations  of  SBC  technology  for  different  locations.  There  are  no  established  criteria  for  SBC 
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system  designs.  Preliminary  SBC  design  criteria  (fishway  entrance  configurations,  flow  requirements, 
number  of  fishway  slots,  structure  depths  and  water  velocities  below  the  BGS,  etc.)  used  as  part  of  the 
SBC  Conceptual  Design  Report  for  different  design  options  were  developed  by  the  collective  judgment  of 
biologists  and  engineers  (Corps  and  non-Corps  personnel).  As  SBC  prototype  test  results  from  different 
test  efforts  become  available,  future  re-evaluation  and  refinement  of  SBC  designs,  as  presented  in 
Feasibility  Study,  will  be  required  prior  to  installation  of  final  SBC  systems  at  the  different  lower  Snake 
River  projects.  Additional  work,  focusing  on  other  projects  besides  Lower  Granite,  might  include 
activities  such  as  baseline  fish  behavior  data  collection,  hydraulic  model  studies,  and  site  specific 
prototype  work. 

2.2  Basis  for  Selection  of  System  Combinations 

Each  of  the  lower  Snake  River  system  combinations  described  in  this  report  consists  of  four  individual 
collection  and  bypass  designs  (one  to  be  constructed  at  each  of  the  four  projects.)  These  designs  are 
combined  in  such  a  way  as  to  achieve  the  overall  migration  strategies  for  the  river,  as  discussed  in  Section 
1.4.  In  the  earlier  SBC  Conceptual  Design  Report,  ten  individual  SBC  design  options  were  conceptually 
developed  and  evaluated  as  they  would  relate  to  Lower  Granite.  Each  of  these  SBC  options  was  made  up 
of  components  which  worked  together  to  achieve  a  specific  bypass  strategy.  A  number  of  these 
components  have  been  tested  at  the  Lower  Granite  SBC  prototype  to  determine  their  biological 
effectiveness,  either  individually  or  in  combination  with  each  other.  Based  on  the  information  in  that 
report  and  results  of  the  testing,  four  of  the  ten  options  evaluated  have  been  furthered  in  this  report  to 
create  the  SBC  design  types  which  together  create  the  river  system  combinations.  The  four  SBC  types 
include  a  full  length  powerhouse  channel  with  dewatering  (Type  1),  a  full  length  powerhouse  channel 
bypass  without  dewatering  (Type  2),  a  shorter  two-unit  powerhouse  channel  with  bypass  or  dewatering 
capabilities  (Type  3),  and  a  modified  spillway  bypass  (Type  4).  In  some  instances  a  particular  project 
would  not  utilize  any  of  these  SBC  types,  but  would  instead  utilize  either  existing  or  new  ESBS  intake 
diversion  systems  only.  In  this  section,  the  basis  and  methodology  used  to  develop  these  combinations  is 
discussed. 

2.2.1  Conclusions  from  the  SBC  Conceptual  Design  Report 

Concepts  discussed  and  evaluated  in  the  SBC  Conceptual  Design  Report  consisted  of  a  variety  of  both 
fixed  and  floating  systems  used  either  alone  or  in  combination  with  fish  guidance  devices,  project 
operational  changes,  with  and  without  transport,  etc.,  at  Lower  Granite.  Biological  and  environmental 
considerations,  as  well  as  construction,  operational,  cost,  and  schedule  elements  all  factor  into  developing 
realistic,  surface  oriented  fishways.  These  SBC  concepts  are  anticipated  to  have  a  high  potential  of 
improving  passage  and  survival  of  juvenile  salmon  migrating  past  Corps  lower  Snake  and  Columbia 
Rivers  hydroelectric  projects. 

A  few  of  the  SBC  options  utilized  a  BGS  to  guide  fish  to  the  spillway  or  smaller  surface  collectors.  Also, 
some  of  the  options  included  a  21.3-meter  (70-foot)-deep  surface  collector  while  other  options  included 
16.7-meter  (55-foot)-deep  surface  collectors.  The  report  addressed  the  engineering  feasibility, 
constructability,  and  operational  procedures  for  each  SBC  option.  Also,  the  costs  for  construction, 
operation,  and  maintenance  for  each  SBC  option  are  included  in  the  report.  The  options  were  all 
developed  to  be  feasible  from  an  engineering,  construction,  maintenance  and  operations  perspective. 

Costs  varied  between  options.  For  instance,  the  construction  costs  for  a  full  powerhouse  deep  surface 
collector  with  dewatering  were  found  to  be  about  15  percent  higher  than  for  a  partial  powerhouse  surface 
collector  with  a  BGS  ($51  million  versus  $44.3  million).  The  construction  costs  for  the  21.3-meter  (70- 
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foot)-deep  surface  collector  options  were  only  slightly  higher  than  the  shallower  16.7-meter  (55-foot) 
options.  For  a  full  listing  of  costs,  refer  to  the  SBC  Conceptual  Design  Report. 

2.2.2  Results  from  1998  Prototype  Testing  at  Lower  Granite 

The  goal  of  testing  of  the  prototype  SBC  channel  and  BGS  at  Lower  Granite  was  to  establish  a  rational 
basis  for  advancing,  or  not  advancing,  surface  collector  technology  at  the  lower  Snake  River  dams.  There 
were  two  primary  means  of  measuring  performance  of  the  SBC  channel  and  BGS  in  1998  at  Lower 
Granite:  1)  hydroacoustics,  which  samples  thousands  of  fish  passing  the  dam,  but  cannot  distinguish 
between  species,  and  2)  radiotelemetry,  which  provides  species-specific  information  on  fish  movement 
and  passage  but  relies  on  only  200  to  400  fish,  a  very  small  sample  size.  At  this  time,  all  results  are 
preliminary  and  subject  to  change  as  the  data  undergo  further  analysis.  For  the  BGS,  radiotelemetry 
showed  that  for  fish  that  would  normally  have  passed  the  dam  via  Unit  Intakes  1  through  3,  69  percent  of 
the  hatchery  chinook,  86  percent  of  the  hatchery  steelhead,  and  65  percent  of  the  wild  steelhead  were 
diverted  to  the  SBC,  Unit  Intakes  4  through  6,  or  the  spillway.  The  hydroacoustic  estimate  of  this  BGS 
diversion  efficiency  was  78  percent. 

For  the  SBC,  the  best  estimate  of  performance  is  probably  the  percentage  offish  passing  through  the  SBC 
relative  to  those  passing  into  the  turbine  intakes  of  Units  4  through  6,  above  which  the  SBC  is  located. 

For  radio-tagged  fish,  this  R(4_6)  value  was  29  percent,  49  percent,  and  28  percent  for  chinook,  hatchery 
steelhead  and  wild  steelhead,  respectively.  In  other  words,  of  all  the  radio-tagged  chinook  that  entered 
either  turbines  4  through  6  or  the  SBC,  29  percent  passed  through  the  SBC.  The  hydroacoustic  SBC 
passage  estimate  was  from  50  percent  to  54  percent,  depending  on  entrance  configuration.  The  passage 
efficiency  for  the  SBC  and  ESBS  in  combination  was  about  90  percent  for  the  whole  powerhouse,  as 
measured  with  hydroacoustics.  For  the  different  species,  the  combination  of  ESBS  and  SBC  at  Units  4 
through  6  was  83  percent,  98  percent,  and  87  percent  for  chinook,  hatchery  and  wild  steelhead, 
respectively.  All  SBC  passage  indices  increased  substantially  from  previous  test  seasons,  sometimes 
doubling  or  tripling,  presumably  because  of  the  addition  of  the  SWI. 

Although  the  BGS  diverted  a  high  percentage  of  fish  away  from  the  south  half  of  the  powerhouse,  many 
of  these  diverted  fish  apparently  did  not  enter  the  SBC,  but  rather  passed  into  Turbine  Intakes  4  through  6, 
or  over  the  spillway.  The  BGS  only  slightly  increased  the  percentage  of  total  fish  passing  through  the 
SBC.  If  testing  and  development  of  surface  bypass  concepts  continue,  entrance  configurations  and 
conditions  will  be  a  focal  point  to  attract  more  of  these  fish  into  the  SBC. 

2.2.3  System  Combination  Selection  Process 

The  SBC  options  contained  in  the  SBC  Conceptual  Design  Report  for  Lower  Granite  were  then  compared 
to  one  another  to  determine  the  best  transportation  and  bypass  options  for  future  consideration  at  other 
lower  Snake  River  facilities.  The  goal  was  to  develop  several  rational  SBC  systems  to  be  further 
investigated.  Several  meetings  were  held  by  Corps  biologists  and  engineers  to  discuss  what  SBC  options 
should  be  used  for  development  of  the  SBC  system  combinations.  The  Corps  coordinated  with  regional 
specialists  to  achieve  a  consensus  on  the  SBC  system  combinations  to  be  studied.  Because  there  is  no 
current  wide  spread  regional  agreement  on  whether  transporting  the  juvenile  fish  is  better  or  worse  than 
keeping  the  fish  in  river,  it  was  decided  to  develop  several  system  combinations.  One  SBC  system 
combination  will  be  investigated  which  keeps  fish  inriver,  two  which  utilize  a  fish-friendly  transportation 
system  (one  at  a  significantly  reduced  cost),  and  a  yet  another  system  combination  which  allows  for  both 
fish-friendly  transportation  or  inriver  bypass. 
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The  first  SBC  combination  emphasizing  fish  collection  and  transportation  utilizes  surface  collectors  at 
Lower  Granite,  Little  Goose,  and  Lower  Monumental  Dams  in  an  effort  to  maximize  use  of  surface 
collection  and  existing  transportation.  Ice  Harbor  currently  has  fish  bypass  facilities  with  no 
transportation  capability.  Since  most  fish  would  likely  be  collected  for  transport  upstream  of  Ice  Harbor, 
it  was  decided  to  assume  only  a  new  ESBS  system  at  Ice  Harbor  to  collect  fish  for  inriver  bypass  via  the 
juvenile  fish  facility. 

The  second  SBC  combination  emphasizing  transportation  utilizes  surface  collection  only  at  Lower 
Granite  Dam.  No  new  surface  collectors  or  inriver  bypass  measures  are  assumed  for  Little  Goose,  Lower 
Monumental,  and  Ice  Harbor  Dams.  Fish  not  collected  at  Lower  Granite,  including  those  that  enter  the 
Snake  River  further  downstream,  would  not  be  collected  with  any  surface  collector.  Instead,  they  would 
either  bypass  the  dam  and  not  be  available  for  collection  and  transportation,  or  be  collected  for  transport 
via  ESBS  systems  extending  in  front  of  the  turbine  entrances.  This  SBC  combination  was  selected  for 
study  because  it  represents  a  much  less  expensive  alternative  to  the  previously  described  SBC 
combination,  although  it  may  not  be  as  effective  at  collecting  fish. 

One  alternative  was  selected  for  investigation  in  this  report  representing  an  inriver  bypass  strategy.  This 
SBC  combination  utilizes  surface  collectors  at  all  four  dams  to  guide  the  fish  over  a  modified  spillbay. 
This  alternative  was  selected  for  study  because  it  represents  an  effective  method  for  keeping  the  fish 
inriver  by  guiding  them  to  a  more  fish  friendly  spillbay  at  each  dam. 

Another  SBC  combination  allowing  for  optimized  transportation  or  inriver  bypass  is  the  Adaptive 
Migration  Strategy  alternative.  This  SBC  combination  utilizes  a  surface  collector  at  Lower  Granite  Dam 
which  provides  either  collection  or  inriver  bypass  opportunities.  A  surface  collector  allowing  for  inriver 
bypass  only  is  used  at  Little  Goose  because  no  fish  enter  the  Snake  river  between  Lower  Granite  and 
Little  Goose  Dams.  A  surface  collector  allowing  either  collection  or  inriver  bypass  is  again  included  at 
Lower  Monumental  Dam  to  primarily  collect  fish  entering  the  river  between  Little  Goose  and  Lower 
Monumental  dams  from  the  Tucannon  River  and  Lyons  Ferry  Hatchery.  A  BGS  leading  to  a  modified 
spillbay  is  used  at  Ice  Harbor  since  there  are  no  fish  transportation  facilities  there.  This  SBC  combination 
was  selected  for  study  because  it  represents  an  effective  method  to  either  bypass  or  transport  fish.  This 
alternative  allows  for  the  most  flexibility  in  selecting  fish  passage  strategies  after  implementation.  SBC 
systems  which  utilize  a  BGS  were  included  to  demonstrate  how  a  BGS  might  be  used  as  part  of  an  SBC 
system  combination. 

New  ESBS  systems  at  Ice  Harbor  and  Lower  Monumental  are  assumed  for  each  SBC  combination 
because  they  are  more  effective  than  the  existing  submerged  traveling  screens  at  guiding  fish  away  from 
the  turbines  and  to  the  existing  juvenile  fish  facilities. 

The  preliminary  data  from  the  SBC  prototype  testing  indicated  that  the  Simulated  Wells  Intake  and  ESBS 
worked  well  together  to  achieve  a  high  collection  rate.  Because  of  this,  21.3-meter  (70-foot)-deep  surface 
collectors  were  selected  over  16.7-meter  (55-foot)-deep  surface  collectors  for  further  consideration  at 
Lower  Granite,  Little  Goose,  and  Lower  Monumental.  At  Ice  Harbor,  the  forebay  depth  is  considerably 
shallower  and  the  powerhouse  structure  is  configured  such  that  a  16.7-meter  (55-foot)-deep  surface 
collector  would  appear  more  appropriate  for  working  together  with  the  ESBS.  Use  of  ESBS  intake 
diversion  screen  systems  is  assumed  for  each  SBC  type  at  each  project  for  each  system  combination. 

The  performance  data  for  the  BGS  were  inconclusive  at  the  time  of  development  of  the  SBC 
combinations.  Also,  as  described  above,  the  cost  for  a  deep  full  powerhouse  surface  collector  with 
dewatering  was  only  about  15  percent  higher  than  for  a  deep  partial  powerhouse  surface  collector  with 
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dewatering  and  a  BGS,  Also,  it  was  felt  that  if  a  foil  powerhouse  surface  collector  were  feasible,  then  a 
partial  powerhouse  surface  collector  with  a  BGS  could  likely  be  developed.  The  reason  for  this  is  that  the 
most  challenging  aspect  of  development  of  a  foil  powerhouse  SBC  is  the  large  scale  dewatering,  assumed 
to  be  about  170  cubic  meters  per  second  (m3/s)  (6,000  cubic  feet  per  second  [cfs]).  A  partial  powerhouse 
surface  collector  would  have  much  less  dewatering,  approximately  56,6  m3/s  (2,000  cfs).  Also, 
development  of  a  BGS  was  found  in  the  SBC  Conceptual  Design  Report  to  be  feasible.  For  the  reasons 
stated  above,  it  was  felt  that  a  reasonable  choice  for  the  bypass  and  transport  SBC  system  combinations 
would  include  foil  powerhouse  surface  collectors.  If  it  is  later  found  that  the  BGS  testing  is  indeed 
successful,  then  it  is  likely  that  less  expensive  partial  powerhouse  surface  collectors  with  BGSs  could  be 
developed  in  lieu  of  foil  powerhouse  surface  collectors  to  collect  fish  for  transportation.  Also,  the  BGSs 
could  be  used  in  lieu  of  foil  powerhouse  surface  collectors  to  guide  fish  directly  to  a  spillbay  for  bypass. 
However,  concern  was  raised  regarding  the  complete  exclusion  of  BGSs  from  the  System  Combinations 
CDR.  It  was  agreed  that  it  was  inappropriate  to  exclude  consideration  of  this  emerging  technology  prior 
to  the  completion  of  prototype  testing.  In  fact,  prototype  testing  may  yet  show  the  BGS  to  be  very 
effective  at  guiding  fish.  Consequently,  it  was  decided  to  include  BGSs  in  the  Adaptive  Migration 
Strategy  System  Combination.  That  way,  BGS  technical  and  cost  issues  may  be  included  in  the  report. 

The  SBC  Conceptual  Design  Report  for  Lower  Granite  included  a  dewatering  system  for  a  foil 
powerhouse  surface  collector  utilizing  “conventional55  dewatering  criteria  (Option  1).  Conventional 
criteria  includes  a  0.12  meters  per  second  (m/s)  (0.4  feet  per  second  [ft/s])  screen  approach  velocity 
component,  as  defined  by  NMPS  for  screen  applications  where  salmonid  fry  may  be  present.  Also,  the 
conceptual  design  report  includes  several  foil  and  partial  powerhouse  surface  collector  options  utilizing 
more  progressive  dewatering  criteria.  These  criteria  include  a  higher  screen  approach  velocity,  varying 
gradually  between  0.36  m/s  (1.2  ft/s)  in  the  upstream  portion  of  the  dewatering  channel  to  the  NMFS 
mandated  0.12  m/s  (0.4  ft/s)  in  the  downstream  portion  of  the  channel.  Dewatering  model  testing 
utilizing  the  progressive  criteria  is  on-going  and,  so  far,  appears  to  be  promising.  However,  more  model 
testing  and,  eventually,  foil  size  prototype  testing  would  be  required  to  determine  the  foil  effects  on  fish 
from  various  dewatering  scenarios.  The  conventional  dewatering  criteria  result  in  a  much  larger  and  more 
expensive  surface  collector.  Also,  the  fish  entrances  are  further  upstream  and  the  fish  experience  a  longer 
travel  time  through  the  surface  collector.  For  the  reasons  stated  above,  it  was  decided  that  the  surface 
collectors  developed  for  the  System  Combinations  CDR  would  utilize  t4progressive55  dewatering  criteria. 

Regional  experts  including  Corps  biologists  and  engineers  compared  methods  of  bypassing  fish  over  the 
spillway.  One  method  included  in  the  SBC  Conceptual  Design  Report  utilized  a  chute  structure  to  guide 
fish  over  the  spillway.  With  the  chute  design,  the  fish  would  experience  a  high  velocity  free  plunge  from 
the  end  of  the  chute  into  the  spillway  tailwater.  This  would  be  a  near  vertical  drop  off  the  end  of  the 
chute,  as  opposed  to  a  spillway  type  flow  which  is  supported  by  the  spillway  concrete  and  guided  into  the 
tailwater.  This  free  plunge  was  seen  as  possibly  being  detrimental  to  the  fish.  Another  method  developed 
in  the  report  included  raising  the  spillway  crest.  This  method  was  seen  as  likely  causing  less  fish  stress 
since  it  would  discharge  the  fish  into  the  tailwater  in  the  same  way  the  existing  spillway  does  and  would 
include  no  free  plunging  water.  Consequently,  the  inriver  bypass  and  adaptive  migration  strategy  SBC 
system  combinations  contained  in  the  System  Combinations  CDR  will  include  raised  or  modified 
spillbays. 

2.3  System  Combination  Descriptions 

Each  of  the  system  combinations  is  designed  to  apply  a  particular  migration  strategy  to  the  river  as  a 
whole.  At  each  of  the  four  projects,  one  of  the  SBC  designs  evaluated  in  the  SBC  Conceptual  Design 
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Report,  and/or  ESBS  intake  diversion  systems,  would  be  utilized  to  facilitate  the  desired  strategy.  Brief 
descriptions  of  the  strategy  and  functional  approach  for  each  combination  are  provided  in  this  section. 

Detailed  descriptions  of  the  proposed  bypass  and  collection  facilities  for  each  project  are  provided  in 
Sections  5  through  8.  In  some  cases,  similar  or  even  identical  facilities  would  be  used  at  a  particular 
project  for  different  system  combinations.  In  these  cases,  descriptions  of  project  facilities,  or 
components,  which  have  previously  been  described  would  not  be  repeated,  rather  the  previous  description 
in  another  section  is  referenced.  Therefore,  much  of  the  information,  which  is  generic  to  all  combinations 
and  designs,  especially  concerning  structural  and  mechanical  issues,  is  presented  once  in  Section  5. 

2.3.1  System  Combination  1:  Maximizing  Effectiveness  of  Fish  Transportation 

The  goal  of  System  Combination  1  is  to  maximize  the  number  of  fish  collected  and  delivered  to  the 
existing  or  upgraded  transportation  facilities  located  at  each  project.  This  would  be  accomplished  by 
constructing  a  full  length  powerhouse  SBC  channel  at  each  of  the  three  upstream  projects  (SBC  Type  1). 
The  channels  would  contain  dewatering  screens  to  concentrate  the  fish  in  a  small  enough  flow  that  they 
could  be  delivered  into  the  existing  juvenile  bypass  channels  inside  each  dam.  Emergency  bypass 
openings  would  also  be  provided  to  allow  the  collected  fish  to  bypass  the  dewatering  screens  and  pass 
downstream  directly  through  the  spillway  in  the  event  there  is  a  problem  with  either  the  dewatering 
screens  or  the  transportation  facilities.  The  SBC  channels  would  be  used  in  conjunction  with  ESBS 
located  in  the  turbine  intakes.  Fish  diverted  by  the  ESBS  would  also  be  delivered  into  the  existing 
juvenile  bypass  channels.  Ultimately,  fish  collected  by  both  bypass  structures  would  be  combined  and 
delivered  to  the  transportation  facilities,  and  either  trucked  or  barged  downstream.  The  number  of  fish 
continuing  downstream  by  inriver  passage  through  the  projects  (either  through  the  turbines  or  spillways) 
would  be  minimized,  and  would  significantly  reduce  at  each  consecutive  project. 

The  upper  two  projects  (Lower  Granite  and  Little  Goose)  currently  have  ESBS  installed  in  the  turbine 
intakes.  These  would  continue  to  be  used  in  System  Combination  1 .  However,  the  intakes  at  Lower 
Monumental  are  currently  outfitted  with  STS.  These  would  be  removed  and  replaced  with  ESBS  to 
increase  the  screen  diversion  efficiency,  and  further  reduce  the  number  of  fish  passing  through  the 
turbines. 

At  Ice  Harbor  the  turbine  intakes  are  also  currently  outfitted  with  STS.  As  at  Lower  Monumental,  these 
would  be  removed  and  replaced  with  ESBS  to  increase  the  diversion  efficiency  of  the  screening  system. 
However,  no  SBC  channel  would  be  installed  at  Ice  Harbor.  If  the  combination  of  the  SBC  channels  and 
the  ESBS  diversion  systems  function  as  anticipated  at  the  upper  three  projects,  there  should  be  so  few 
freely  migrating  fish  left  in  the  river  at  Ice  Harbor  that  construction  of  an  SBC  system  and  a  transportation 
facility  would  not  appear  to  be  justified.  This  approach  is  further  justified  by  the  fact  that  no  fish  enter 
the  Snake  River  between  Lower  Monumental  and  Ice  Harbor. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  1  are  presented  in  Section  5. 

2.3.2  System  Combination  1A:  Fish  Transportation  at  a  Reduced  Cost 

System  Combination  1A  also  emphasizes  the  continued  and  enhanced  use  of  the  fish  transportation 
facilities.  However,  the  goal  in  this  combination  is  to  construct  enhanced  collection  facilities  for  the 
existing  transportation  infrastructure  at  a  significantly  reduced  initial  and  operational  cost,  relative  to 
System  Combination  1.  To  facilitate  this  approach,  the  same  collection  facilities  as  described  for  System 
Combination  1  at  Lower  Granite  would  be  constructed  (SBC  Type  1).  This  would  include  the 
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construction  of  a  full-length  powerhouse  SBC  channel  to  be  used  in  conjunction  with  the  existing  ESBS 
system.  At  the  lower  three  projects  only  ESBS  intake  diversion  systems  would  be  used.  Since  ESBS 
already  exist  at  Little  Goose  there  would  be  no  modifications  required  at  this  project,  and  the  existing 
diversion/bypass  facilities  would  continue  to  be  used.  At  Lower  Monumental  and  Ice  Harbor  the  existing 
STS  intake  diversion  systems  would  be  removed  and  replaced  with  ESBS  systems,  but  no  additional  SBC 
channels  would  be  constructed  to  augment  these  systems. 

The  basis  for  this  strategy  is  that  the  majority  of  juvenile  salmon  coming  down  the  Snake  River  are 
coming  from  above  Lower  Granite.  If  the  combined  SBC  and  ESBS  systems  to  be  utilized  at  Lower 
Granite  function  as  effectively  as  anticipated  there  would  be  few'  migrating  fish  left  in  the  river  below 
Lower  Granite,  and  construction  of  large,  expensive  SBC  systems  could  not  be  justified.  This  is  the  same 
reasoning  behind  utilizing  only  the  ESBS  system  at  Ice  Harbor  in  System  Combination  1 . 

If  it  should  be  decided  that  transportation  is  the  migration  goal  for  the  river.  System  Combinations  1  and 
1A  actually  form  a  transportation  package  which  could  be  initiated  prior  to  a  decision  on  which  of  the  two 
combinations  would  constitute  the  final  design.  This  is  because  everything  involved  in  Combination  1A 
would  be  required  in  Combination  1.  In  fact,  the  most  prudent  way  to  install  Combination  1  would  be  to 
install  Combination  1 A  first  and  test  the  production  SBC/ESBS  collection  facility  at  Lower  Granite  to 
ensure  its  efficiency,  and  potentially  work  any  unanticipated  bugs  out  of  the  SBC  channel  design.  If  after 
testing  of  Combination  1A  it  is  decided  that  Combination  1  would  be  justified,  all  that  would  be  required 
is  to  construct  Type  1  SBC  channels  at  Little  Goose  and  Lower  Monumental,  with  the  advantage  of 
experience  at  Lower  Granite  to  guide  a  more  efficient  design  for  the  subsequent  SBC  channels. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  1A  are  presented  in  Section  6. 

2.3.3  System  Combination  2;  Emphasis  on  Inriver  Passage 

The  migration  strategy  for  System  Combination  2  is  to  focus  on  effective  diversion  of  the  fish  away  from 
the  turbines  while  emphasizing  inriver  migration,  and  de-emphasizing  transportation.  For  this 
combination,  all  four  projects  would  be  outfitted  with  a  full  length  powerhouse  SBC  channel.  However, 
these  channels  would  not  include  dewatering  screens  and  the  fish  would  be  passed  directly  downstream  to 
the  tailrace  through  modified  spill  flow  (SBC  Type  2).  To  maximize  effective  diversion  away  from  the 
turbines,  ESBS  intake  diversion  systems  would  be  used  in  conjunction  with  the  channels  at  all  four 
projects  (as  described  for  the  SBC  installations  in  Combination  1).  Fish  diverted  by  the  ESBS  systems 
would  continue  to  be  directed  to  the  juvenile  transportation  facilities  where  a  reduced  transportation 
program  could  still  be  operated,  or  these  fish  could  be  delivered  directly  into  the  tailrace  at  that  location. 

As  previously  described.  Lower  Granite  and  Little  Goose  already  have  ESBS  systems,  and  these  would 
continue  to  be  used  in  conjunction  with  the  new  SBC  channels.  The  STS  systems  at  Lower  Monumental 
and  Ice  Harbor  would  be  removed  and  replaced  with  new  ESBS  systems. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  2  are  presented  in  Section  7. 

2.3.4  System  Combination  3:  Adaptive  Migration  Strategy  for  Transportation  and 
Bypass 

System  Combination  3  applies  a  migration  strategy  which  allows  for  adaptive  flexibility  between 
transportation  and  inriver  migration.  At  Lower  Granite  and  Lower  Monumental,  partial  powerhouse 
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length  SBC  channels  would  be  constructed  at  Turbine  Units  5  and  6  (SBC  Type  3).  These  two-unit  SBC 
channels  would  have  two  side-by-side  entrances.  One  entrance  would  pass  the  fish  through  a  dewatering 
section  so  that  they  could  be  delivered  into  the  existing  juvenile  bypass  channel,  and  ultimately  to  the 
transportation  facilities,  similar  to  the  SBC  channels  in  System  Combination  1.  The  other  entrance  would 
not  contain  dewatering  screens  and  would  pass  the  fish  directly  to  the  tailrace  through  modified  spill  flow, 
similar  to  the  SBC  channels  in  System  Combination  2.  Therefore,  fish  collected  by  the  SBC  could  be 
directed  to  transport  or  inriver  migration.  To  guide  fish  away  from  in  front  of  Units  1  through  4,  a  BGS 
would  be  constructed  in  the  forebay. 

As  with  the  other  system  combinations,  ESBS  intake  diversion  systems  would  be  used  in  conjunction 
with  these  two-unit  SBC  channels.  At  Lower  Granite  the  existing  ESBS  would  be  used,  whereas  at 
Lower  Monumental  there  would  need  to  be  new  ESBS.  The  ESBS  would  be  located  in  turbine  intakes  at 
all  six  units,  including  Units  1  through  4  to  offer  a  bypass  for  those  fish  which  may  pass  around  or  under 
the  BGS. 

At  Little  Goose,  a  full  length  powerhouse  SBC  channel  without  dewatering,  would  collect  and  pass  fish 
directly  to  the  tailrace  (SBC  Type  2).  This  is  the  same  system  as  described  for  Little  Goose  in  System 
Combination  2,  and  would  utilize  the  existing  ESBS  intake  diversion  systems  in  all  unit  intakes. 

At  Ice  Harbor,  a  spillway  SBC  would  be  constructed  at  Spillbay  1  (SBC  Type  4),  the  spillbay  closest  to 
the  powerhouse.  The  spillway  SBC  would  consist  of  a  removable  raised  ogee  crest  to  be  placed  between 
the  upstream  portions  of  the  spillbay  piers  spanning  the  entire  spillbay  width  with  the  downstream 
remainder  of  the  spillbay  to  remain  at  its  existing  elevation.  A  BGS  would  be  included  in  the  forebay  to 
direct  fish  toward  the  modified  spillbay  and  away  from  the  powerhouse.  Fish  collected  by  the  spillway 
SBC  would  be  passed  directly  to  the  tailrace  via  the  modified  spillbay.  New  ESBS  intake  diversion 
screens  would  be  incorporated  into  the  turbine  intakes  to  offer  a  bypass  for  any  fish  which  do  pass  around 
or  under  the  BGS. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  3  are  presented  in  Section  8. 

Table  2.1  summarizes  the  SBC  types  at  each  project  which  make  up  the  system  combinations  investigated 
in  this  report. 


Table  2.1.  Summary  of  System  Combinations 


System 

Lower 

Little 

Lower 

Ice 

Combination  No. 

Granite 

Goose 

Monumental 

Harbor 

1  -  Emphasis  on 

Type  1 

Type  1 

Type  1 

New  ESBS 

transportation 

(screened  channel) 

(screened  channel) 

(screened  channel) 

(intake  diversion 
screen  system) 

1 A  -  Transportation  at 

Type  1 

Existing  ESBS 

New  ESBS 

New  ESBS 

reduced  cost 

(screened  channel) 

(intake  diversion 

(intake  diversion 

(intake  diversion 

screen  system) 

screen  system) 

screen  system) 

2  -  Emphasis  on  inriver 

Type  2 

Type  2 

Type  2 

Type  2 

migration 

(bypass  channel) 

(bypass  channel) 

(bypass  channel) 

(bypass  channel) 

3  -  Adaptive  migration 

Type  3 

Type  2 

Type  3 

Type  4 

strategy 

(2-unit  dual 

(bypass  channel) 

(2-unit  dual 

(removable 

channel) 

channel) 

spillbay  weir) 
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3.  Design  Criteria  and  Project  Data 

3.1  General 

The  SBC  designs  used  at  each  of  the  four  projects  to  create  the  system  combinations  were  first  developed 
and  evaluated  in  the  SBC  Conceptual  Design  Report.  One  of  the  goals  of  that  report  was  to  compare  the 
impacts  of  different  design  criteria  on  the  complexity  and  cost  of  resulting  structures.  Because  there  are 
no  production  bypass  systems  that  dewater  the  magnitudes  of  flow  being  considered  for  these  SBC 
designs,  there  was  no  precedent  from  which  to  establish  tried  and  “proven”  criteria.  Therefore,  one  of  the 
options  in  the  SBC  Conceptual  Design  Report  incorporated  traditional  fisheries  and  hydraulic  design 
parameters  and  conventional  dewatering  screen  velocity  criteria.  These  are  criteria  which  have  been 
approved  and  utilized  successfully  on  much  smaller  facilities.  The  constructability,  operation  and 
maintenance  (O&M)  issues,  and  costs  associated  with  the  resulting  design  were  compared  to  other 
options  utilizing  a  progressive  set  of  fisheries  and  hydraulic  design  parameters  which  have  been  utilized 
in  prototype  SBC  facilities  at  other  dams,  and  developed  by  engineers  and  biologists  familiar  with 
fisheries  requirements.  In  addition,  these  progressive  criteria  included  higher  dewatering  screen  velocities 
which  are  currently  being  developed  by  the  Corps  and  reviewed  by  agency  personnel.  For  the  SBC 
designs  making  up  the  system  combinations  in  this  report,  it  is  the  progressive  criteria  which  have  been 
utilized.  These  design  criteria  and  the  existing  project  data  for  the  four  lower  Snake  River  projects  are 
listed  below. 

3.2  Existing  Project  Data 

3.2.1  Snake  River 

Hydrologic  Data: 

(Based  on  streamflow  data  near  Clarkston,  Washington) 

Mean  annual  river  flow 

Average  annual  peak  daily  flow 
Minimum  discharge  of  record  (September  1958) 

Maximum  discharge  of  record  (June  1894) 

Spillway  design  flood  (all  four  projects) 

3.2.2  Lower  Granite 

General: 

River  location  (from  confluence  with  Columbia  River) 

Number  of  generating  units 
Output  capacity  (nameplate  rating) 

Number  of  spillbays 
Intake  diversion  screen  type 
Number  of  adult  fish  ladders 
Dimensions: 

Powerhouse  overall  length 
Unit  width  (Units  1  to  5) 

Unit  width  (Unit  6) 
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I, 424  m3/s  (50.3  thousand  cfs 

[kefs]) 

332  m3/s  (188.3  kefs) 

187  m3/s  (6.6  kefs) 

I I, 600  m3/s  (409  kefs) 

24,100  m3/s  (850  kefs) 


173.0  kilometers  (km) 
(107.5  miles) 

6 

810,000  kilowatts  (kW) 
8 

ESBS 

1 

199.9  m  (656  ft) 

27.43  m  (90  ft) 

29.26  m  (96  ft) 
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Erection  Bay  width 

33.53 

m 

(110  ft) 

Spillway  overall  length 

156.1 

m 

(512  ft) 

Spillbay  center-to-center  spacing 

19.51 

m 

(64  ft) 

Spillbay  gate  width 

15.24 

m 

(50  ft) 

Spillbay  gate  height  (above  spillway  crest) 

17.98 

m 

(59  ft) 

Elevations:  (referenced  to  mean  sea  level) 

Maximum  pool  (design  flood  condition) 

Maximum  operating  pool 
Minimum  operating  pool  (MOP) 

Minimum  flood  control  pool 
Top  of  tainter  gates  (closed) 

Spillway  crest 

Maximum  flood  tailwater  (24,100  m3/s) 

Normal  maximum  tailwater  (9,630  m3/s) 

Tailwater  at  maximum  powerhouse  flow  (3,680  m3/s) 

Normal  tailwater 

Minimum  tailwater  (zero  flow) 

Intake  deck 

3.2.3  Little  Goose 

General: 

River  location  (from  confluence  with  Columbia  River) 
Number  of  generating  units 
Output  capacity  (nameplate  rating) 

Number  of  spillbays 
Intake  diversion  screen  type 
Number  of  adult  fish  ladders 


Dimensions: 


Powerhouse  overall  length 

199.9 

m 

(656  ft) 

Unit  width  (Units  1  to  5) 

27.43 

m 

(90  ft) 

Unit  width  (Unit  6) 

29.26 

m 

(96  ft) 

Erection  Bay  width 

33.53 

m 

(110  ft) 

Spillway  overall  length 

156.1 

m 

(512  ft) 

Spillbay  center-to-center  spacing 

19.51 

m 

(64  ft) 

Spillbay  gate  width 

15.24 

m 

(50  ft) 

Spillbay  gate  height  (above  spillway  crest) 

17.98 

m 

(59  ft) 

Elevations:  (referenced  to  mean  sea  level) 

Maximum  pool  (design  flood  condition) 

197.1 

m 

(646.5  ft) 

Maximum  operating  pool 

194.5 

m 

(638.0  ft) 

Minimum  operating  pool 

192.9 

m 

(633.0  ft) 

Top  of  tainter  gates  (closed) 

195.1 

m 

(640.0  ft) 

Spillway  crest 

177.1 

m 

(581.0  ft) 

Maximum  flood  tailwater  (24,100  m3/s) 

172.0 

m 

(564.4  ft) 

Maximum  normal  tailwater 

164.6 

m 

(540.0  ft) 

227.5 

m 

(746.5 

ft) 

224.9 

m 

(738.0 

ft) 

223.4 

m 

(733.0 

ft) 

220.7 

m 

(724.0 

ft) 

225.6 

m 

(740.0 

ft) 

207.6 

m 

(681.0 

ft) 

202.1 

m 

(662.9 

ft) 

196.7 

m 

(645.5 

ft) 

194.8 

m 

(639.2 

ft) 

194.5 

m 

(638.0 

ft) 

192.9 

m 

(633.0 

ft) 

228.9 

m 

(751.0 

ft) 

113.1  km  (70.3  miles) 
6 

810,000  kW 
8 

ESBS 

1 
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Minimum  normal  tailwater  ([MOP]  at  Lower  Monumental) 
Intake  deck 

3.2.4  Lower  Monumental 

General: 

River  location  (from  confluence  with  Columbia  River) 
Number  of  generating  units 
Output  capacity  (nameplate  rating) 

Number  of  spillbays 
Intake  diversion  screen  type 
Number  of  adult  fish  ladders 

Dimensions: 

Powerhouse  overall  length 
Unit  width  (Units  1  to  5) 

Unit  width  (Unit  6) 

Erection  Bay  width 
Spillway  overall  length 
Spillbay  center-to-center  spacing 
Spillbay  gate  width 

Spillbay  gate  height  (above  spillway  crest) 

Elevations:  (referenced  to  mean  sea  level) 

Maximum  pool  (design  flood  condition) 

Maximum  operating  pool 
Minimum  operating  pool 
Top  of  tainter  gates  (closed) 

Spillway  crest 

Maximum  flood  tailwater  (24,100  m3/s) 

Maximum  normal  tailwater 

Minimum  normal  tailwater  (MOP  at  Ice  Harbor) 

Intake  deck 

3.2.5  Ice  Harbor 

General: 

River  location  (from  confluence  with  Columbia  River) 
Number  of  generating  units 
Output  capacity  (nameplate  rating) 

Number  of  spillbays 
Intake  diversion  screen  type 
Number  of  adult  fish  ladders 

Dimensions: 

Powerhouse  overall  length 
Unit  width  (Units  1  to  5) 

Unit  width  (Unit  6) 

Erection  and  service  bay  width 
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163.7  m  (537.0  ft) 
198.4  m  (651.0  ft) 


66.9  km  (41.6  miles) 
6 

810,000  kW 
8 

STS 

2 


199.9  m  (656  ft) 
27.43  m  (90  ft) 
29.26  m  (96  ft) 
33.53  m  (110  ft) 
156.1m  (512  ft) 
19.51  m  (64  ft) 
15.24  m  (50  ft) 
17.98  m  (59  ft) 


167.1  m  (548.3  ft) 

164.6  m  (540.0  ft) 

163.7  m  (537.0  ft) 

165.2  m  (542.0  ft) 

147.2  m  (483.0  ft) 

141.8  m  (465.1  ft) 
134.1m  (440.0  ft) 

133.2  m  (437.0  ft) 
168.6  m  (553.0  ft) 


15.6  km  (9.7  miles) 
6 

603,000  kW 
10 
STS 
2 


204.5  m  (671  ft) 
26.21  m  (86  ft) 
28.04  m  (92  ft) 
45.42  m  (149  ft) 
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Spillway  overall  length 

182.9 

m 

(600  ft) 

Spillbay  center-to-center  spacing 

18.29 

m 

(60  ft) 

Spillbay  gate  width 

15.24 

m 

(50  ft) 

Spillbay  gate  height  (above  spillway  crest) 

15.54 

m 

(51ft) 

Elevations:  (referenced  to  mean  sea  level) 

Maximum  pool  (design  flood  condition) 

136.1 

m 

(446.4  ft) 

Maximum  operating  pool 

134.1 

m 

(440.0  ft) 

Minimum  operating  pool 

133.2 

m 

(437.0  ft) 

Top  of  tainter  gates  (closed) 

134.7 

m 

(442.0  ft) 

Spillway  crest 

119.2 

in 

(391.0  ft) 

Maximum  flood  tailwater  (24,100  m3/s) 

114.0 

m 

(374.0  ft) 

Maximum  normal  tailwater 

103.6 

m 

(340.0  ft) 

Minimum  normal  tailwater 

102.7 

m 

(337.0  ft) 

Intake  deck 

138.1 

m 

(453.0  ft) 

3.3  Design  Criteria 

3.3.1  Fisheries  and  Hydraulic  Criteria 

Fisheries  and  hydraulic  design  criteria  for  juvenile  fish  bypass  systems  are  interrelated.  They  usually 
consist  of  allowable  velocities,  depths  of  flow,  duration  of  exposure  to  dewatering  screens,  flow  boundary 
conditions,  screen  materials,  etc.  intended  to  provide  protection  to  fish  passing  through  a  structure. 

NMFS  has  published  general  criteria  for  design  of  juvenile  fish  screening  and  bypass  systems  [1].  These 
were  intended  to  be  “worst-case  default  criteria”  to  be  applied  throughout  the  region.  Site-specific  data 
and  considerations  may  be  used  to  adjust  the  criteria.  In  this  report,  the  fish  bypass  systems  have  been 
developed  using  these  criteria  where  they  are  clearly  applicable.  However,  one  exception  to  this  is  the 
higher  dewatering  screen  approach  velocities  applied  to  the  upstream  portions  of  the  dewatering  screens 
in  the  SBC  channel  designs.  Approach  velocity  is  defined  by  NMFS  as  the  component  of  the  water 
velocity  which  is  perpendicular  to  the  face  of  the  screen  as  measured  at  a  location  approximately  three 
inches  in  front  of  the  screen  face.  These  “progressive”  dewatering  criteria  were  investigated  in  the  SBC 
Conceptual  Design  Report,  and  would  appear  to  be  more  appropriate  for  the  unprecedented  large  flows 
and  conduit  widths  present  in  the  SBC  channel  designs.  In  some  cases  other  criteria  which  have  been 
applied  in  the  region  were  applied  where  the  NMFS  criteria  do  not  cover  a  situation. 

The  conditions  and  criteria  considered  in  the  designs  of  the  various  components  of  the  SBC  fish  bypass 
systems  include: 

Behavioral  Guidance  Structure  (BGS)  Design  Criteria 

Flow  velocity  under  (perpendicular  to)  the  BGS  <  0.61  m/s  (2.0  ft/s) 

Flow  velocity  along  (parallel  to)  the  face  of  the  BGS  >  0.61  m/s  (2.0  ft/s) 

The  criteria  presented  here  represent  the  use  of  “best  judgment”  to  prevent  attraction  or  entrainment  under 
the  BGS.  Results  from  the  1998  BGS  prototype,  and  hydraulic  modeling  studies,  would  be  used  to 
further  refine  these  criteria  prior  to  final  design. 

Surface  Collection  Channel 

Criteria  and  design  parameters  presented  here  represent  a  best  judgment  approach  based  on  results  of  the 
prototype  testing  at  Lower  Granite,  the  Wells  Dam  juvenile  bypass  system,  and  experience  at  other 
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projects.  The  criteria  listed  here  are  used  consistently  for  the  channel  designs  at  all  four  projects,  with  the 
following  qualifications: 

Some  of  the  surface  collection  channel  designs  evaluated  for  Lower  Granite,  Little  Goose,  and  Lower 
Monumental  include  dewatering  screens  to  facilitate  delivery  of  the  fish  into  the  existing  juvenile  bypass 
facilities.  In  each  of  these  cases  there  would  be  ESBS  intake  diversion  systems  also  contributing  orifice 
flow  to  these  same  bypass  facilities.  To  prevent  overloading  of  these  facilities,  the  flow  contribution  from 
the  SBC  channel  is  limited  to  0.850  m3/s  (30  cfs)  at  each  of  these  three  projects.  This  limitation  was 
defined  solely  for  the  purposes  of  this  conceptual  evaluation.  During  final  design  of  SBC  channels  for 
these  projects,  the  actual  flow  capacity  and  ESBS  contribution  should  be  investigated  for  each  project  so 
that  designs  can  be  optimized  for  the  specific  project. 


The  only  surface  collection  channel  being  evaluated  for  Ice  Harbor  is  a  full-flow  bypass  channel  being 
utilized  in  System  Combination  2.  This  channel  would  not  contain  dewatering  screens.  The  depth  of  the 
forebay  at  Ice  Harbor  is  approximately  36.5  meters  (120  feet),  whereas  at  the  other  three  projects  it  is 
approximately  42.7  meters  (140  feet).  Therefore,  the  channel  design  evaluated  for  Ice  Harbor  is 
shallower  than  for  the  other  three  projects  so  as  to  create  the  same  projection  downward  in  front  of  the 
turbine  intakes  as  at  the  other  projects.  Prior  to  a  final  design  of  a  channel  at  Ice  Harbor,  it  is  suggested 
that  model  studies  be  performed  to  investigate  how  far  down  this  projection  could  go  without  negatively 
impacting  the  turbine  operations  or  the  efficiency  of  the  ESBS  system. 


Flow  per  SBC  entrance 
Entrance  width 

Invert  depth  of  entrance  (Lower  Granite,  Little  Goose, 
and  Lower  Monumental) 

Invert  depth  of  entrance  (Ice  Harbor) 

Minimum  transport  conduit  width 
Trapping  velocity 
Floor  slopes 


56.6  m3/s  (2,000  cfs) 
4.88  m  (16  ft) 

21.3  m  (70.0  ft) 

16.8  m  (55.0  ft) 

0.61  m  (2.0  ft) 

>2.13  m/s  (7  ft/s) 

<  45  degrees 


Horizontal  convergence  slopes  of  solid  walls 

Horizontal  divergence  slopes  of  solid  walls 


<13  degrees 
<5.0  degrees 


Horizontal  convergence  slopes  of  screen  faces 
Screen  depth 

Dewatering  screen  approach  velocity  based  on  effective  screen 
Upstream  1/3  of  primary  screen  length 
Middle  1/3  of  primary  screen  length 
Downstream  1/3  of  primary  screen  length 
Secondary  screens 

Ratio  effective  to  gross  screen  area  to  account  for  structural 
Members  and  cleaner  tracks 
Total  maximum  flow  from  SBC  to  juvenile  galleiy 
Centerline  radius  of  open  channel  conduit  bends: 

Large  conduits  upstream  of  dewatering 
Small  conduits  downstream  of  dewatering 


<  9.0  degrees 

[No  limit] 
area: 

<  0.36  m/s  (1.2  ft/s) 

<  0.24  m/s  (0.8  ft/s) 

<  0.12  m/s  (0.4  ft/s) 

<  0.12  m/s  (0.4  ft/s) 

75  percent 
0.850  m3/s  (30  cfs) 

>  2  times  conduit  width 

>  5  times  conduit  width 
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Time  for  sweeping  flow  to  pass  screen  face 

Maximum  energy  dissipation  concentration 


<  60  seconds 

1077  joules/s-m3 
(22.5  ft-lb/s-ft3) 


Ability  to  allow  for  emergency  bypass  directly  to  tailrace 

Transport  velocity  constant  or  mildly  accelerating  up  to  trapping  velocity* 

*  Mildly  accelerating  flow  is  defined  as  a  flow  which  is  not  likely  to  cause  a  startle  response  from  the 
fish.  An  actual  criterion  to  be  used  as  a  maximum  is  still  in  a  stage  of  development.  Rather  than  a  true 
“acceleration”  which  is  defined  as  an  increase  in  velocity  at  a  single  location  over  a  period  of  time,  the 
parameter  which  is  generally  focused  on  in  these  types  of  applications  is  “velocity  increase”  defined  as  a 
change  in  velocity  per  linear  length  of  conduit.  Where  reasonably  achievable,  these  designs  keep  the 
velocity  increase  below  0.1  m/s  per  meter  of  conduit  (0.1  ft/s  per  foot).  In  certain  local  cases,  such  as 
immediately  upstream  of  the  tilting  weirs,  this  limitation  would  likely  be  difficult  to  achieve  due  to  the 
required  transition  length.  However,  in  no  case  should  the  velocity  increase  exceed  0.5  m/s  per  meter  of 
conduit  (0.5  ft/s  per  foot). 

Spillway  SBC  -  Ice  Harbor  System  Combination  3  only: 

Flow  per  top  flow  spillbay  at  average  operating  pool  170  m3/s  (6,000  cfs) 


3.3.2  Structural  Criteria 

Maximum  pressure  differential  on  channel  walls 
Channel  designs  with  dewatering  screens 

Channel  designs  without  dewatering  screens 
Ice  load  (at  top  of  upstream  wall) 

Design  wind  speed 
Fetch  length  for  wave  development 
Lower  Granite 
Little  Goose 
Lower  Monumental 
Ice  Harbor 

Load  rejection  pressure  (on  downstream  wall) 

Yield  strength  of  steel  pipe 

Yield  strength  of  structural  steel  tube 

Yield  strength  of  other  steel  components 

Existing  concrete  strength 

New  concrete  strength 

Yield  strength  of  steel  reinforcing  bars 

Bedrock  acceleration  from  max.  credible  earthquake 

Lower  Granite,  Little  Goose,  Lower  Monumental 

Ice  Harbor 


14.9  kilopascal  (kPa) 

(312  pound  per  square  foot  [psf]) 
8.96  kPa  (187  psf) 

73.0  kilonewtons  (kN)/m 
(5  kips/ft) 

113  km/hr  (70mph) 

3.21  km  (2.0  miles) 

10.5  km  (6.5  miles) 

5.63  km  (3.5  miles) 

2.41  km  (1.5  miles) 

2.99  kPa  (62.4  psf) 

290  megapascals  (MPa) 

(42  kip  per  square  inch  [ksi]) 

317  MPa  (46  ksi) 

345  MPa  (50  ksi) 

20.7  MPa  (3.0  ksi) 

27.6  MPa  (4.0  ksi) 

414  MPa  (60  ksi) 

0. 1 0  gravitational  acceleration  (g) 
0.38  g 
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Ths  maximum  pi  essurs  differential  on  the  channel  walls  for  the  SBC  channels  with  dewatering  screens  is 
based  on  a  maximum  water  surface  differential  from  the  outside  to  the  inside  of  the  channel  of  1.52 
meters  (5.0  feet).  This  is  assumed  to  be  a  conservative  value  to  be  used  as  a  design  maximum  for 
structural  purposes  and  does  not  represent  a  normal  operating  differential.  This  value  is  based  on  the 
high-head  dewatering  screen  design  and  the  potentially  coarse  flow  adjustment  characteristics  of  the 
Tainter  gate.  Design  of  the  high-head  dewatering  screens  and  the  advantages  of  this  design  are  discussed 
in  Section  5.1.1.  Since  the  screens  are  not  included  in  the  designs  without  dewatering  (SBC  Type  2),  the 
maximum  pressure  differential  used  for  design  of  these  channels  is  reduced  to  0.914  meter  (3.0  feet). 

Structures  are  to  be  designed  for  wave  loading  based  on  the  Corps’  Shore  Protection  Manual  [2]  with  the 
assumption  that  the  design  wind  is  sustained  for  a  length  of  time  adequate  to  fully  develop  the  available 
fetch  lengths  as  listed  above.  This  results  in  a  wave  heights  and  lengths  as  shown  below: 


Project  Wave  Height 

Lower  Granite  0.88  m  (2.9  ft) 

Little  Goose  1 .62  m  (5.3  ft) 

Lower  Monumental  1 . 19  m  (3 .9  ft) 
Ice  Harbor  0.79  m  (2.6  ft) 


Wave  Length 
13  m  (43  ft) 
28  m  (93  ft) 
20  m  (65  ft) 
11m  (36  ft) 


Detailed  calculations  of  the  design  waves  and  load  distributions  on  the  structures  are  provided  in 
Attachment  A. 

Load  rejection  pressure  is  based  on  actual  load  rejection  tests  performed  at  Lower  Granite,  and  is  assumed 
to  be  similar  for  all  four  projects. 

For  earthquake  design,  the  horizontal  bedrock  acceleration  is  applied  to  large  monolithic  structures 
attached  to  the  bedrock,  such  as  the  dam,  and  any  large  components  attached  directly  to  the  dam.  Other 
structures  could  have  greater  or  lesser  seismic  loads  applied  to  them  depending  on  their  design  which 
would  be  determined  through  the  use  of  the  Unif  orm  Building  Code  (TJBC).  The  water  confined  within 
the  channel  and  the  spillway  extension  structure  (SES)  is  treated  as  a  solid  mass  with  an  associated 
inertial  force  resulting  from  a  horizontal  acceleration  equal  to  the  bedrock  acceleration.  A  review  of  the 
likely  actual  loads  resulting  from  this  water  sloshing  (convective  loading)  during  an  earthquake  revealed 
that  the  solid  mass  assumption  is  slightly  conservative  for  structures  with  depth  to  width  ratios  of  those 
found  in  these  structures. 

Structural  designs  shall  be  in  accordance  with  the  following  references: 

Shore  Protection  Manual  [2] 

Strength  Design  for  Reinforced-Concrete  Hydraulic  Structures  [3] 

Design  of  Hydraulic  Steel  Structures  [4] 

Gravity  Dam  Design  [5] 

Seismic  Design  for  Buildings  [6] 

American  Concrete  Institute  (ACI) 

American  Institute  of  Steel  Construction  (AISC) 

UBC 
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3.3.3  Mechanical  Criteria 

Mechanical  designs  shall  be  in  accordance  with  the  following  references: 

American  Gear  Manufacturers  Association  (AGMA) 

American  National  Standards  Institute  (ANSI) — Safety  Standards  for  Overhead  Cranes 
American  Society  of  Mechanical  Engineers  (ASME) 

Department  of  Defense  Federal  Specification 

Department  of  Labor  Code  of  Federal  Regulations  -  Occupational  Safety  and  Health 
Administration  Standards 
National  Fluid  Power  Association 

Washington  Administrative  Code  -  General  Safety  and  Health  Standards 

3.3.4  Electrical  Criteria 

Electrical  and  control  design  for  electrical  components  shall  be  in  accordance  with  the  1996  National 
Electrical  Code  (NEC),  National  Electrical  Manufacturers  Association  (NEMA)  and  applicable  Institute 
of  Electrical  and  Electronics  Engineering  (IEEE)  and  ANSI  standards. 

NEMA  (PB  1) 

NEMA  (ICS  2) 

ANSI  (C37.121) 

Underwriters  Laboratories,  Inc.  (UL) 

Listed  (UL-6) 

NEMA  (ICS  6,  WC-7,  WC-8,  MG1) 

UL  Approved 
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Panelboards 

Programmable  Logic  Controllers  (PLC) 
Transformers,  fused  switches,  switchboards 
Conduit 

Motors,  operators 
Wiring  devices,  luminaires 
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4.  Methodology 

4.1  Design 

The  system  combinations  evaluated  in  this  report  incorporate  surface  bypass  and/or  collection  facilities  to 
be  constructed  at  each  of  the  four  lower  Snake  River  projects.  These  facilities  are  designed  to  work  in 
combination  with  each  other  to  achieve  a  desired  migration  strategy  for  the  river  as  a  whole.  The 
individual  facilities  to  be  located  at  the  projects  are  referred  to  in  this  report  as  SBC  Types  (SBC  Types  1 
through  4),  Each  of  the  designs  involves  the  interaction  of  a  number  of  components.  The  goal  of  the 
designs  is  to  incorporate  these  components  in  such  a  way  as  to  efficiently  and  effectively  guide  juvenile 
fish  from  the  forebay  and  deliver  them  safely  to  a  desired  location  downstream  of  the  dam,  while  ensuring 
that  the  structural  and  hydraulic  requirements  of  the  dam  are  not  compromised. 

To  accomplish  this  goal,  experience  with  the  design  of  SBC  juvenile  fish  passage  facilities  at  other 
projects  in  the  region  was  utilized  to  develop  designs  based  on  the  best  information  currently  available. 
The  approach  was  to  develop  conceptual  designs  which  meet  the  most  current  criteria  for  fish  passage 
structures  and  which  could  be  constructed  given  appropriate  final  design  and  financing.  As  this  report  is  a 
feasibility  level  study  and  not  a  final  design  memorandum,  the  designs  were  not  developed  through  to  the 
stage  of  final  design.  Therefore,  the  descriptions  and  drawings  presented  do  not  include  details  required 
for  construction  such  as  member  sizing,  detailing  of  equipment  requirements,  or  other  detail  design 
features.  Hydraulic  analysis  was  limited  to  calculations  of  gross  flow  cross-sectional  areas,  velocities, 
screen  areas,  and  estimates  of  head  losses,  etc.  Detailed  analyses  of  head  losses  and  water  surface  profiles 
were  not  performed,  unless  noted. 

The  conceptual  design  analysis  performed  for  each  SBC  Type  design  included,  but  was  not  necessarily 
limited  to,  the  following  items: 

•  description  of  the  interaction  between  each  component  and  how  the  design  is  intended  to  guide 
fish  and  transport  them  to  a  desired  location  downstream 

•  methods  for  discharging  and  controlling  the  excess  channel  flow 

•  ability  to  maintain  flood  discharge  capability  at  the  spillway 

•  suggested  methods  of  support  for  each  component  while  accounting  for  the  stability  requirements 
of  the  existing  dam  structures 

•  discussion  of  the  constructability  and  construction  concerns 

•  hydraulic  issues  to  consider  for  additional  study  and/or  modeling 

•  operation  and  maintenance  concerns  including  screen  cleaning  and  debris  removal 

•  estimate  of  the  probable  construction  duration 

•  estimate  of  the  probable  construction  cost 

•  estimate  of  the  anticipated  annual  operations  and  maintenance  cost. 
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Many  of  the  issues  which  must  be  addressed  during  the  design,  construction  and  operation  of  the  SBC 
systems  presented  in  this  report  are  typical  to  most  (or  all)  of  the  designs.  This  is  especially  true  for 
structural,  mechanical  and  maintenance  issues.  Typically,  a  number  of  alternatives  for  solving  a 
particular  problem  common  to  many  of  the  designs  were  investigated  before  choosing  a  design  approach. 
Where  applicable,  this  approach  is  subsequently  applied  throughout  the  entire  report.  Examples  of  this 
are  the  attachment  of  large  heavy  objects  to  the  dams  without  compromising  the  stability  of  the  structures; 
effective  methods  for  keeping  the  dewatering  screens  clean;  and  long-term  corrosion  protection  for 
permanently  submerged  objects.  Descriptions  of  the  alternatives  investigated  and  design  decisions  in 
cases  such  as  these  are  given  in  Section  5.1  for  the  Lower  Granite  Type  1  design  and  should  be  assumed 
to  be  applied  to  all  other  designs  in  this  report,  unless  stated  otherwise. 

4.2  Cost  Estimates  and  Construction  Durations 

Construction  Cost  Estimates 

Since  these  are  conceptual  level  designs,  developed  without  a  high  degree  of  design  detail,  the  probable 
construction  cost  estimates  were  developed  from  estimated  unit  costs  derived  from  the  actual  construction 
costs  of  similar  facilities  (including  the  existing  Lower  Granite  prototypes),  vendor  input  for  large 
components,  standard  industry  cost  guides  [7],  and  in  the  case  of  the  ESBS  (turbine  intake  screen) 
systems  actual  costs  from  construction  of  similar  systems  at  other  dams.  This  method  was  used  since 
adequate  detail  is  not  included  in  these  designs  to  perform  a  detailed  cost  estimate  based  on  exact  material 
quantity  and  fabrication/installation  labor  expenses.  Separate  cost  estimates  have  been  prepared  for  each 
project  within  each  of  the  system  combinations  and  are  presented  in  spreadsheet  format  in  the  system 
combination  descriptions.  A  combined  total  estimate  for  each  system  combination  is  included  at  the  end 
of  each  system  combination  section.  The  development  of  the  unit  costs  and  an  accounting  of  quantities 
shown  in  the  estimates  are  included  in  Attachment  A. 

Because  fully  developed  production  SBC  systems  like  those  presented  in  this  report  do  not  exist,  and 
because  these  designs  are  conceptual  in  nature,  a  construction  contingency  of  25  percent  has  been  added 
to  all  cost  estimates.  Additionally,  a  15  percent  design  cost  has  been  included  in  each  estimate  as  part  of 
the  22.5  percent  planning  and  engineering  line  item.  Other  costs  associated  with  the  planning  and 
engineering  cost  include  project  management  and  value  engineering  studies.  A  construction  management 
cost  of  12.5  percent  is  also  added  to  each  cost  estimate.  Finally,  a  single  line  item  of  $1  million  has  been 
added  to  each  system  combination  total  estimate  to  cover  feasibility  studies  (including,  for  example,  the 
cost  of  this  study  and  the  SBC  Conceptual  Design  Report  done  previously). 

Given  the  untested  nature  of  some  of  these  design  concepts,  a  significant  level  of  hydraulic  modeling 
and/or  prototyping  may  be  required  before  final  implementation  of  any  of  these  designs.  Elowever,  as 
with  the  construction  costs,  adequate  detail  concerning  the  actual  modeling  or  prototyping  needs  cannot 
be  developed  at  this  stage  of  design  to  accurately  estimate  these  costs  individually  for  each  SBC  type. 
Although  adequate  funding  should  exist  within  the  assumed  design  costs  to  cover  the  expenses  of  some  of 
the  smaller  modeling  requirements,  especially  where  an  existing  model  can  be  utilized,  costs  for  large 
extensive  modeling  and  prototyping  requirements  are  not  included  in  these  estimates.  To  assist  in  future 
decisions  concerning  modeling  and/or  prototyping,  recommendations  are  made  in  the  report  concerning 
areas  where  hydraulic  and  prototyping  investigations  may  be  warranted. 
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Operations  and  Maintenance  Costs 

Development  of  annual  operations  and  maintenance  costs  is  similarly  constrained  by  the  absence  of 
detail,  typical  at  a  conceptual  design  level.  For  this  reason,  O&M  costs  were  estimated  based  on 
percentages  of  construction  costs  (excluding  planning,  design,  construction  management,  and  the 
contractor’s  mobilization  and  O&P  costs).  Due  to  their  relatively  higher  maintenance  requirements, 
O&M  costs  for  mechanical  and  electrical  systems  such  as  gates,  screen  cleaners,  cranes,  hoisting 
equipment,  and  controls,  etc.,  were  assigned  an  annual  cost  equal  to  6  percent  of  their  construction  cost. 
These  costs  include  the  annualized  cost  of  periodic  replacement  or  rehabilitation  of  components. 

Structural  elements  such  as  floating  channels,  internal  conduits,  removable  screen  panels,  behavioral 
guidance  structures,  SESs,  etc.,  were  assigned  an  annual  O&M  cost  equal  to  1/2  percent  of  their 
construction  cost  and  typically  reflect  periodic  inspection,  refurbishing  and  other  maintenance  activities. 
Because  the  proposed  corrosion  protection  system  for  large  submerged  items  is  a  thermal  spray  system 
which  is  expected  to  exhibit  an  excellent  service  life  (as  much  as  50  years),  the  maintenance  of  most  of 
the  structural  steel  is  anticipated  to  be  primarily  an  inspection  activity  to  confirm  the  integrity  of  the 
structure.  It  is  assumed  that  inspection  of  these  items  would  be  performed  mostly  by  divers.  A  cost  of 
$3,000  per  day  was  assigned  to  an  inspection  dive  team  resulting,  for  example,  in  a  three-week  inspection 
of  underwater  components  costing  an  estimated  $45,000. 

Separate  O&M  cost  estimates  have  been  prepared  for  each  project  within  each  system  combination  and 
are  presented  along  with  the  system  combination  descriptions  in  the  report.  As  with  the  construction  cost 
estimates,  individual  project  O&M  cost  estimates  are  totaled  at  the  end  of  the  system  combination  section 
to  provide  an  O&M  estimate  for  the  combination  as  a  whole.  Cost  calculations  for  O&M  are  presented  in 
Attachment  A.  O&M  costs  associated  with  the  operation  of  the  ESBS  intake  diversion  screens,  either 
existing  or  new,  and  costs  associated  with  the  operation  of  existing  juvenile  facilities  downstream  of  the 
ESBS  (including  actual  transportation  costs)  are  not  included.  Since  these  costs  are  existing  system  costs 
it  was  decided  that  they  should  not  be  included  as  part  of  the  SBC  O&M  cost.  Review  of  maintenance 
records  revealed  that  O&M  costs  associated  with  the  existing  STS  diversion  systems  at  Ice  Harbor  and 
Lower  Monumental  were  similar  to  costs  associated  with  the  ESBS  systems  at  Little  Goose  and  Lower 
Granite.  Therefore,  changing  out  the  existing  STS  with  new  ESBS  should  not  result  in  a  significant 
change  in  the  diversion  screen  O&M  costs  at  these  two  projects.  Juvenile  facilities  and  transportation 
costs  should  be  included  for  a  true  comparison  of  O&M  costs  for  each  system  combination,  but  are 
beyond  the  scope  of  this  report.  When  assessing  an  estimate  for  these  costs  it  should  be  understood  that 
the  different  system  combinations  utilize  transportation  and  existing  transportation  facilities  to  vaiying 
degrees,  and  at  differing  locations.  For  example,  in  the  case  of  System  Combination  1,  which  relies  most 
heavily  on  transportation,  it  will  not  be  known  in  advance  to  what  extent  transportation  facilities  will  be 
utilized  at  each  project.  If  the  Type  1  SBC  system  at  Lower  Granite  is  very  efficient  at  collecting  fish,  a 
very  large  percentage  of  the  total  number  of  migrating  fish  could  be  removed  from  inriver  migration  at 
this  location,  resulting  in  very  small  (if  any)  transportation  costs  at  Little  Goose  or  Lower  Monumental. 

Construction  Durations 

A  similar  approach  using  experience  with  the  development  of  existing  prototype  facilities  was  used  in  the 
development  of  construction  duration  estimates.  Estimated  durations  are  identified  in  the  text  of  the 
report  along  with  other  construction  issues  for  each  design  type. 
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4.3  Hydraulic  Modeling  Issues 

Final  development  of  any  of  these  options,  or  any  combination  of  the  components  into  a  new  design, 
would  require  some  level  of  hydraulic  analyses  and  modeling.  There  are  a  number  of  specific  areas 
where  it  is  anticipated  that  model  studies  would  assist  in  addressing  hydraulic  design  issues.  These  areas 
are  grouped  as  follows  (Note  that  the  design  components  referenced  in  this  list  are  described  in  detail  in 
Sections  5  through  8): 

Forebav  and  Approach  Flow 

1.  Zone  of  influence  of  collector  entrances  versus  collector  flows  and  locations  and  plant  operations 

2.  BGS  alignment,  velocities,  and  loading  during  normal  operations 

3.  BGS  velocities,  loading,  and  movement  during  spill  and  load  rejection 

Turbine  Intake 

4.  SBC  impact  on  turbine  performance 

5.  SBC  impact  on  intake  diversion  screen  (ESBS)  hydraulics  and  potential  FGE  impact 

6.  VBS  performance  and  influence  of  flow  rates  and  turbulence  intensities  on  gate  well  hydraulics 

Surface  Bypass  Channel 

7.  Conduit  alignments  and  geometry 

8.  Primary  screen  porosity  design 

9.  Secondary  screen  porosity  design 

10.  Gallery  connection  hydraulics 

11.  Emergency  bypass  mode  operations  hydraulics  for  Type  1  SBC 

12.  Hydraulic  loads  during  normal  operation  and  load  rejection 

Spillbav  Modifications 

13.  SES  design  details 

14.  Removable  spillway  weir  (RSW)  design  details 

15.  Elevated  ogee  design  details 

16.  Spillway  gate  rating  during  nonnal  operations  and  flood  passage 

17.  Downstream  conditions  for  juvenile  and  adult  migration 

18.  Effectiveness  of  the  existing  spillway  deflector  under  new  flow  conditions 

Depending  on  the  site,  many  of  these  issues  can  be  addressed  using  and  modifying  existing  hydraulic 
models  at  the  Corps  Waterways  Experiment  Station  (WES)  and  the  turbine  model  in  Austria.  However, 
additional  models  may  be  required  to  address  site  specific  details.  Required  models  and  their  suggested 
modeling  scales  are  listed  here: 


Approximate  Scale 


A. 

Turbine  Model 

1:12 

B. 

Single  Turbine  Intake  Model 

1:12 

C. 

SBC  Model 

1:15 

D. 

Spillway  Sectional  Model 

1:20 

E. 

Powerhouse  Sectional  Model 

1:25 

F. 

Forebay  Model 

1:40 

G. 

Spillway  Sectional  Model 

1:55 

H. 

General  Model 

1:70 
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To  assist  in  the  planning  stages  for  further  development,  a  matrix  relating  hydraulic  design  issues  to  the 
various  design  components  and  the  appropriate  modeling  tool  for  resolving  each  issue  is  provided  in 
Table  4.1. 

4.4  Prototype  Studies  and  Baseline  Data  Collection  Issues 

Suggested  prototype  and  baseline  data  collection  studies  are  identified  in  this  report  as  the  specific  design 
features  and  issues  are  discussed.  However,  detailed  study  plans  with  time  and  cost  estimates  have  not  ° 
been  included.  The  primary  design  feature  which  could  benefit  from  a  prototype  investigation  is 
dewatering.  The  engineering  issues  that  could  be  addressed  by  prototype  dewatering  screen  tests  are: 

1  •  Progressiv  e  Velocity  Screen  Criteria  Hydraulic  modeling  efforts  which  have  been  conducted  are 
showing  that  design  of  screens  that  comply  with  the  progressive  velocity  criteria  is  possible.  There 
are,  however  performance  uncertainties  including  establishing  appropriate  transport  velocities, 
exposure  times,  determining  fouling  characteristics,  and  generally  documenting  fish  response;  which 
should  be  evaluated  through  prototype  studies.  Exposure  time  and  consequently  screen  length  in  the 
direction  of  flow  is  a  key  parameter.  The  prototype  test  facility  should  represent  the  full  length  of  the 
SBC  Types  1  and  3  primary  screens.  It  would  not  be  necessary  to  include  the  full  screen  depth.  Fish 
species,  life  stage,  size,  and  condition;  and  debris  type  and  concentration  are  also  key  parameters  that 
should  be  correctly  represented  in  the  prototype  evaluation.  As  a  consequence,  conducting  the 
prototype  tests  at  one  of  the  proposed  sites  would  be  appropriate. 

2-  Screen  Cleaning — Cleaning  technologies  for  the  deep  vertical  screen  panels  are  largely  unproven 
(with  the  exception  of  traveling  screen  technology),  particularly  in  a  strong  sweeping  velocity  field. 
The  proposed  cleaning  devices  should  be  evaluated  on  the  actual  screen  material  with  representative 
approach  and  transport  velocities,  and  debris  loading.  The  screen  test  panels  should  extend  the  full 
proposed  depth.  Performance  features  evaluated  might  include  cleaning  effectiveness,  cleaning  head 
stability  in  the  crossing  flow,  workability  of  the  drive  mechanism,  and  potential  for  debris  removal  at 
the  cleaner.  The  last  feature  is  important  in  addressing  the  cleaner’s  ability  to  reduce  debris  loading 
in  transport  conduits  and  at  the  juvenile  facilities  downstream.  Influence  of  bar  screen  orientation 
(vertical  or  horizontal  bars)  on  fouling  and  cleaning  could  also  be  considered.  Because  of  the 
importance  of  correctly  representing  debris  type  and  concentration,  these  tests  would  best  be 
conducted  at  one  of  the  proposed  sites. 

3"  Debris  Characterization  Screen  fouling  and  cleaning  is  potentially  the  single  largest  maintenance 
issue  associated  with  dewatering.  Fouling  and  cleaning  characteristics  are  strongly  dependent  on 
debris  type  and  concentration.  Both  to  select  appropriate  screen  material  and  cleaner  designs,  and  to 
allow  extension  of  the  prototype  results  to  other  sites,  debris  types  and  concentrations  should  be  well 
documented.  Prototype  studies  would  be  most  informative  if  performed  at  the  site  with  the  highest 
potential  for  debris  accumulation.  This  would  likely  be  Lower  Granite,  since  it  is  the  most  upstream 
site,  however.  Lower  Monumental  has  been  reported  to  have  unique  debris  problems  associated  with 
wheat  straw  entering  the  system  from  the  Palouse  and  Tueannon  Rivers,  The  influences  of  the  trash 
racks  on  the  screen  debris  loading  should  also  be  estimated. 

These  studies  might  best  be  accommodated  in  a  prototype  of  a  complete  primary  screen  module. 
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Modeling  Requirements:  (N)  =  New  Model  (E)  =  Existing  Model,  (+)  =  Model  required  if  installed  in  bay  with  deflector 
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5.  System  Combination  1 — Maximizing 
Effectiveness  of  Fish  Transportation 

The  goal  of  System  Combination  1  is  to  maximize  the  number  of  fish  collected  and  delivered  to  the 
existing  transportation  facilities  located  at  each  project.  This  would  be  accomplished  by  constructing  a 
full  length  powerhouse  SBC  channel  at  each  of  the  three  upstream  projects  (Lower  Granite,  Little  Goose, 
and  Lower  Monumental).  This  design  is  referred  to  as  SBC  Type  1.  The  channels  would  contain 
dewatering  screens  to  concentrate  the  fish  in  a  small  enough  flow  so  that  they  could  be  delivered  into  the 
existing  juvenile  bypass  channels  inside  each  dam.  The  SBC  channels  would  be  used  in  conjunction  with 
ESBS  located  in  the  turbine  intakes.  Fish  diverted  by  the  ESBS  would  also  be  delivered  into  the  existing 
juvenile  bypass  channels.  Ultimately,  fish  collected  by  both  bypass  structures  would  be  combined  and 
delivered  to  the  transportation  facilities,  and  either  trucked  or  barged  downstream.  The  number  of  fish 
continuing  downstream  by  inriver  passage  through  the  projects  (either  through  the  turbines  or  spillways) 
would  be  minimized,  and  would  be  significantly  reduced  at  each  consecutive  project. 

The  upper  two  projects  (Lower  Granite  and  Little  Goose)  currently  have  ESBS  systems  installed  in  the 
turbine  intakes.  These  would  continue  to  be  used  in  System  Combination  1.  However,  the  intakes  at 
Lower  Monumental  are  currently  outfitted  with  STS.  These  would  be  removed  and  replaced  with  ESBS 
to  increase  the  screen  diversion  efficiency,  and  further  reduce  the  number  of  fish  passing  through  the 
turbines. 

At  Ice  Harbor  the  turbine  intakes  are  also  currently  outfitted  with  an  STS  system.  As  at  Lower 
Monumental,  these  would  be  removed  and  replaced  with  an  ESBS  system  to  increase  the  diversion 
efficiency  of  the  screening  system.  However,  no  SBC  channel  would  be  installed  at  Ice  Harbor.  If  the 
combination  of  the  SBC  channels  and  the  ESBS  diversion  systems  function  as  anticipated  at  the  upper 
three  projects,  there  should  be  so  few  freely  migrating  fish  left  in  the  river  at  Ice  Harbor  that  construction 
of  an  SBC  system  and  a  transportation  facility  would  not  appear  to  be  justified. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  1  are  presented  in  the  following  text.  In  some  cases  issues  or  designs  described  for 
the  facilities  in  System  Combination  1  are  the  same  for  other  designs  throughout  this  report.  In  these 
cases,  the  discussions  in  this  section  will  be  referenced  in  later  sections,  as  applicable. 

5.1  Lower  Granite:  Full  Powerhouse  SBC  (with  Existing  ESBS)  -  SBC 
Type  1 

The  design  goal  of  SBC  Type  1  is  to  provide  a  surface  collector  channel  across  the  face  of  the  entire 
powerhouse  designed  to  attract  fish  away  from  the  turbine  intakes  and  deliver  them  to  the  existing 
juvenile  fish  bypass  gallery  inside  the  dam  where  they  would  be  transported  downstream  to  the  juvenile 
facilities.  The  concept  is  based  on  the  bypass  system  at  Wells  Dam  on  the  mid-Columbia  River,  and  on 
prototype  testing  performed  at  Lower  Granite  since  1996.  The  design  allows  for  the  channel  to  be  used  in 
conjunction  with  the  existing  ESBS  intake  diversion  screens.  Adequate  dewatering  of  the  fish-bearing 
transport  flow  is  provided  in  the  channel  so  that  the  fish  entering  the  SBC  can  be  delivered  to  the  existing 
juvenile  fish  gallery  inside  the  dam,  where  they  would  be  combined  with  the  fish  diverted  by  the  intake 
diversion  screens.  The  gallery  is  designed  to  deliver  the  fish  to  the  fish-handling  and  transport/release 
facilities  downstream.  In  addition,  in  case  there  is  a  problem  with  the  dewatering  portion  of  the  channel, 
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the  design  will  allow  for  emergency  bypass  of  the  fish  collected  by  the  channel  directly  to  the  tailrace  via 
a  Spillbay. 

The  application  of  the  SBC  Type  1  design  to  Lower  Granite  includes  a  floating  collector  channel  which 
spans  across  the  entire  upstream  face  of  the  powerhouse  intake  structure.  Plans  and  details  of  this  design 
are  provided  on  Plates  1.1.1  through  1.1.6,  in  Section  5.6.  The  channel  extends  from  the  north  end  of  the 
central  non-overflow  section  (south  edge  of  Spillbay  1)  to  a  location  about  16.8  meters  (55  feet)  south  of 
the  erection  bay  (see  Plate  1.1.2).  This  southern  portion  of  the  channel  accommodates  the  secondary 
dewatering  screen  section.  At  this  position,  the  southern  end  of  the  channel  extends  in  front  of  the 
existing  adult  fish  ladder  exit.  At  Lower  Granite  there  is  an  adult  fish  ladder  exit  chute  that  is  used  when 
the  forebay  is  below  elevation  223.4  meters  (733  feet).  During  the  final  design  of  a  Type  1  SBC,  a  review 
of  this  chute  will  need  to  be  performed  to  determine  if  the  chute  needs  to  be  modified  or  replaced  to 
accommodate  the  channel  and  its  support  structure  bracing.  During  operation  within  the  normal  operating 
pool  range,  it  is  felt  that  the  channel  is  far  enough  upstream  of  the  fish  ladder  exit  as  not  to  present  an 
obstacle  to  the  passage  of  adult  fish  upstream  into  the  forebay.  Additionally,  this  section  of  channel  is 
only  10.7  meters  (35  feet)  deep,  or  half  as  deep  as  the  main  channel  section,  which  will  further  minimize 
any  potential  blockage  problem. 

Three  vertical  entrances  into  the  channel  are  located  along  the  upstream  wall  of  the  channel.  The 
entrances  are  located  near  the  unit  joints  between  Units  1  and  2,  3  and  4,  and  5  and  6.  In  this  text,  each 
entrance  is  identified  by  the  unit  numbers  near  which  it  is  located  (e.g.,  Entrance  1/2  is  the  entrance  near 
the  joint  between  Units  1  and  2).  Flow  into  each  entrance  is  56.6  m3/s  (2,000  cfs)  for  a  total  combined 
SBC  attraction  flow  of  170  m3/s  (6,000  cfs).  Each  entrance  is  outfitted  with  a  full-height  semi-circular 
trash  rack  with  a  vertical  bar  spacing  of  0.305  meter  (1 .0  foot).  Although  the  semi-circular  trash  rack  may 
be  more  complicated  to  clean  than  a  flat  rack,  the  rounded  rack  is  assumed  to  have  advantages  from  a  fish 
behavior  perspective.  These  issues  are  discussed  in  Sections  5.1.1  and  5.1.3. 

Fish  enter  the  channel  through  one  of  the  three  entrances,  each  of  which  are  4.88  meters  (16  feet)  wide. 
The  floor  of  the  channel  coincides  with  the  bottom  of  the  entrances  located  21.3  meters  (70  feet)  below 
the  forebay  water  surface.  Each  entrance  is  associated  with  a  transport  conduit  which  includes  a  primary 
dewatering  section.  The  primary  dewatering  is  accomplished  independently  for  the  flow  entering  each  of 
the  three  entrances.  After  passing  through  the  primary  dewatering  screen  section,  the  remaining  flow  in 
the  three  individual  conduits  is  progressively  combined  into  a  single  conduit  leading  to  a  common 
secondary  dewatering  screen  section.  The  secondary  screening  reduces  the  combined  flow,  which 
contains  the  fish  from  all  three  entrances,  to  a  level  which  can  be  added  to  the  existing  juvenile  gallery, 
approximately  0.85  m3/s  (30  cfs). 

Bulkhead  panels  are  provided  which  can  be  slid  down  into  the  flow  path  both  upstream  and  downstream 
of  each  of  the  three  primary  dewatering  sections  to  shut  off  the  flow  to  the  primary  screens.  Emergency 
bypass  doors  are  located  in  each  conduit  upstream  of  the  bulkhead  guides  to  allow  for  direct  bypass  of 
fish  and  flow  to  the  tailrace  when  the  bulkheads  are  installed.  This  approach  allows  for  the  flow  through  a 
single  entrance  to  be  bypassed  directly  to  the  tailrace  in  the  event  the  screening  section  requires 
maintenance  without  impacting  the  hydraulics  of  the  flow  through  the  remaining  entrances.  In  addition, 
this  design  offers  increased  operational  flexibility  in  that  the  flow  through  an  individual  conduit  can  be 
shut  off  during  periods  of  low  river  flow  when  all  units  are  not  operating.  In  the  event  that  the  existing 
juvenile  facilities  require  maintenance  or  downtime,  the  flow  through  all  three  entrances  can  be  bypassed 
directly  to  the  tailrace  by  placing  the  upstream  bulkheads  in  all  three  conduits  and  opening  the  emergency 
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bypass  doors.  Specific  details  concerning  the  hydraulics  and  dimensional  layout  of  the  SBC  Type  1 
system,  are  defined  in  Section  5.1.1. 

After  all  dewatering  is  accomplished,  the  remaining  transport  flow  is  delivered  with  the  fish  to  a  location 
at  the  south  non-overflow  section  of  the  dam  and  above  the  existing  south  auxiliary  water  port  of  the 
juvenile  fish  gallery  system.  The  transport  conduit  in  the  channel  is  outfitted  with  a  tilting  weir  control 
structure  so  that  the  final  transport  flow  can  be  maintained  at  0.85  m3/s  (30  cfs).  This  adjustable  weir 
would  also  be  capable  of  rising  to  an  elevation  above  the  water  surface  to  facilitate  its  use  as  a  shut-off 
gate  for  the  conduit  downstream  of  the  dewatering  sections.  Flow  over  the  control  weir  spills  into  a 
stationary  channel  attached  to  the  dam  which  delivers  the  flow  into  the  juvenile  gallery  inside  the  dam 
(see  Plate  1.1 .4).  An  opening  will  be  excavated  above  the  existing  auxiliary  water  port  in  the  erection  bay 
wall  to  accommodate  the  channel  and  to  allow  the  0.85  m3/s  (30  cfs)  transport  flow  to  pass  as  an  open 
channel  flow  into  the  existing  downwell  portion  of  the  gallery.  This  opening  will  also  house  a  surface 
skimming  cleaner  to  remove  any  floating  debris  which  accumulates  in  the  downwell  area.  Once  in  the 
juvenile  fish  gallery,  the  fish  are  transported  downstream  via  existing  fish  piping  to  the  fish  handling 
facilities  for  eventual  transport  or  release  into  the  tailrace.  The  existing  (modified)  auxiliary  water  port 
below  the  opening  provides  make-up  water  to  the  gallery.  A  new  slide  gate  is  installed  over  the  existing 
port  to  replace  the  control  gate  which  will  be  removed  with  the  existing  caisson. 

The  screened  discharge  from  the  four  channel  dewatering  screen  sections  (three  primary  and  one 
secondary)  passes  through  the  screens  into  the  main  portion  of  the  floating  channel,  which  forms  a 
common  discharge  channel.  This  screened  flow  travels  north  to  a  SES  attached  to  the  upstream  face  of  the 
Spillbay  1  piers  (see  Plate  1.1.5).  The  SES  forms  a  well  upstream  of  Spillbay  1  so  that  the  Tainter  gate 
can  be  used  to  regulate  and  pass  the  SBC  screened  flow.  The  SES  is  a  concrete  filled  steel  shell  forming 
two  walls  and  a  floor  bolted  to  the  upstream  face  of  Spillbay  1.  The  upstream  end  of  the  structure  is 
closed  off  by  means  of  removable  steel  stop  logs.  This  design  allows  for  removal  of  the  stop  logs  so  that 
the  full  spillway  flood  discharge  capability  of  Spillbay  1  can  be  maintained.  With  the  maximum  flood  of 
record  being  less  than  half  the  combined  discharge  capacity  of  eight  spillbays,  it  is  anticipated  that  this 
procedure  would  be  required  extremely  infrequently.  However,  if  this  were  to  be  necessary,  one 
additional  step  would  be  to  install  a  closure  panel  over  the  opening  between  the  channel  and  the  SES  to 
hydraulically  separate  the  two  structures.  This  would  be  required  to  prevent  the  large  spill  flow  passing 
through  the  SES  from  creating  a  dangerously  large  head  differential  between  the  forebay  and  the  inside  of 
the  channel. 

The  presence  of  the  SES  at  Spillbay  1,  and  the  attachment  of  the  channel  to  the  SES,  will  necessitate  the 
relocation  of  the  downstream  end  of  the  existing  trash  shear  boom.  This  is  depicted  on  Plate  1.1.1.  Since 
the  trash  boom  will  then  be  located  directly  upstream  of  some  of  the  spillbays,  the  design  of  the  boom  and 
anchorage  system  will  need  to  be  reviewed  and  possibly  modified  to  assure  adequate  strength  and 
flexibility  for  this  new  position  in  the  event  of  a  design  flood  discharge.  It  may  be  necessary  to  remove 
the  section  of  the  boom  upstream  from  the  spillway  prior  to  major  spill  events. 

Because  the  channel  is  floating  and  the  SES  is  stationary,  the  connection  between  these  two  components 
will  need  to  allow  for  relative  vertical  motion  between  the  structures.  This  is  also  true  of  the  connection 
between  the  fish  transport  conduit  and  the  short  stationary  channel  attached  above  the  auxiliary  water  port 
at  the  south  end  of  the  channel. 

The  turbine  intakes  at  Lower  Granite  are  currently  outfitted  with  ESBS.  These  intake  diversion  screens 
will  be  used  in  conjunction  with  the  SBC  to  divert  and  collect  fish  which  may  pass  below  the  SBC 
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channel  and  into  the  turbine  intakes.  The  ESBS  are  12.2  meters  (40  feet)  long  and  located  in  the  upper 
portion  of  the  turbine  intake  at  an  angle  of  55  degrees  up  from  vertical.  In  this  way,  the  screens  occupy 
the  upper  two  thirds  of  the  turbine  intake  at  a  plane  through  the  upstream  tip  of  the  screen  (see  Plate 
1.1.3).  The  upstream  face  of  the  screen  consists  of  fixed  bar  screen  material,  while  the  downstream  face 
has  porosity  control  plates  to  control  the  flow  rates  and  velocities  along  the  face  and  through  the  screen. 
The  screens  divert  fish  entering  the  upper  portion  of  the  turbine  intake  into  the  gatewell  slot,  where  they 
follow  the  flow  up  the  slot  and  into  bypass  orifices.  The  orifices  deposit  the  fish  from  the  gatewells  into 
the  juvenile  gallery,  where  they  will  be  combined  with  the  fish  collected  by  the  SBC.  For  the  purposes  of 
this  report,  at  projects  where  ESBS  systems  are  currently  in  place,  like  Lower  Granite,  only  O&M  related 
issues  related  to  the  systems  will  be  addressed. 

During  testing  of  the  prototype  SBC  channel  at  Lower  Granite  there  were  indications  that  migrating  fish 
in  the  forebay  upstream  of  the  spillway  were  being  attracted  under  the  north  end  of  the  channel  and  into 
the  Unit  6  intake.  Therefore,  as  part  of  this  design  a  cutoff  wall  is  included  below  the  channel  at  the  north 
end  of  the  powerhouse  to  preclude  fish  movement  under  this  end  of  the  channel  directly  from  the  spillway 
area  into  the  Unit  6  intake.  The  wall  is  a  two-panel  telescoping  design  allowing  for  vertical  movement  of 
the  floating  channel  (see  Plates  3.1.3  and  3.1.4).  The  upper  panel  is  attached  and  braced  to  the  under  side 
of  the  channel.  This  panel  would  move  up  and  down  with  the  floating  channel.  The  lower  panel  is 
attached  at  its  base  to  rock-bolted  concrete  footings  at  the  bottom  of  the  forebay.  The  top  of  the  lower 
panel  is  laterally  supported  by  the  upper  panel,  but  is  free  to  slide  up  and  down  relative  to  the  upper  panel 
(much  like  the  connection  of  an  extension  ladder).  Structural  issues  related  to  the  cutoff  wall  are 
presented  in  Section  5.1.2. 

5.1.1  Hydraulics 

Floating  Structure  Issues 

The  hydraulic  advantages  of  the  SBC  channel  being  a  floating  structure  are  that  the  invert  elevations  of 
the  flow  conduits  and  controls,  such  as  tilting  weirs,  will  automatically  adjust  with  pool  elevation.  As  a 
result,  the  areas  of  screens,  flow  conduit  cross  sections,  and  the  flows  and  velocities  that  they  define,  will 
remain  constant  as  pool  elevation  varies.  So,  once  the  facility  is  started  and  the  desired  operating 
conditions  established,  the  controls  will  not  have  to  be  adjusted  in  response  to  pool  elevation  changes. 

The  hydraulic  disadvantages  of  the  floating  structure  include  the  complexity  of  the  connections  between 
the  floating  channel  and  the  fixed  dam  structures,  and  the  need  to  provide  adjustable  flow  control  to 
maintain  hydraulic  gradeline  relative  to  the  floating  channel  invert  at  the  connections.  This  will  occur  at 
two  locations: 

•  the  south  end  of  the  floating  channel,  where  the  fish  transport  conduit  connects  to  the  dam 
through  the  new  opening  in  the  forebay  wall,  as  shown  on  Plates  1.1.2  and  1.1.4 

•  the  north  end  of  the  channel,  where  the  floating  channel  connects  to  the  fixed  SES  at  Spillbay  1, 
as  shown  on  Plates  1.1.1  and  1.1.5. 

The  fish  transport  conduit  passes  through  the  float  on  the  downstream  side  of  the  channel  and  attaches  to 
guides  on  the  fixed  steel  caisson,  which  forms  an  entrance  channel  into  the  existing  fish  gallery.  The 
guides  allow  the  floating  channel  to  move  vertically  relative  to  the  fixed  caisson.  The  water  surface  level 
in  the  caisson  would  be  controlled  from  downstream  at  the  existing  gallery  flow  control.  This  movable 
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connection  is  sealed  against  leakage  with  rubber  seals  in  the  same  manner  as  a  movable  gate  would  be,  A 
small  amount  of  leakage  would  be  anticipated  at  these  seals  and  is  considered  to  be  acceptable. 

The  connection  of  the  north  end  of  the  channel  to  Spillbay  1  is  made  by  attaching  the  channel  to  guides  on 
the  SES.  The  SES  is  designed  to  allow  Spillbay  1  to  function  either  as  a  control  for  the  SBC  channel  or  in 
its  full  capacity  for  flood  discharge.  Hydraulic  control  of  the  channel  flow  will  be  effected  by 
manipulation  of  the  radial  Tainter  gate.  As  with  the  connection  at  the  south  end  of  the  channel,  this 
connection  could  be  sealed  against  leakage,  however,  small  leakage  into  the  SES  would  not  have 
significant  impact  on  the  channel  flow  and  could  be  tolerated.  The  design  of  the  SES  and  the  use  of  the 
Tainter  gate  for  channel  flow  control  are  described  later  in  this  section. 

An  additional  hydraulic  concern  with  the  floating  channel  is  the  fact  that  at  the  minimum  flood  control 
pool  of  221  meters  (724  feet)  the  bottom  of  the  channel  will  nominally  be  at  elevation  199  meters  (654 
feet).  At  this  elevation  the  channel  will  block  slightly  more  than  25  percent  of  the  turbine  intake 
openings.  Field  tests  and/or  modeling  studies  at  Rocky  Reach,  The  Dalles  and  Wanapum  Dams,  all  of 
which  have  similar  large  vertical  Kaplan  turbine  units,  have  shown  that  this  level  of  blockage  should  not 
result  in  significant  power  loss  or  damage  to  the  turbines.  Moreover,  this  condition  is  not  considered  to 
be  a  normal  operating  condition  for  the  project  and  thus  is  of  diminished  concern  in  the  overall  operations 
of  the  plant.  However,  prior  to  constructing  an  SBC  channel  as  described  here  it  would  be  prudent  to 
perform  model  and  field  studies  specific  to  Lower  Granite  to  confirm  that  this  level  of  blockage  would 
not  represent  a  problem.  This  concern  is  maximized  at  Lower  Granite  in  that  it  is  the  only  one  of  the  four 
projects  at  which  the  forebay  pool  could  be  drawn  down  (below  the  minimum  operating  pool  elevation) 
for  flood  control.  Although  SBC  blockage  of  the  turbine  intakes  is  less  pronounced  at  the  other  projects, 
potential  influences  on  turbine  performance  should  be  further  evaluated  in  support  of  design  development. 

Collector  Entrances 

Each  of  the  three  collector  entrances  is  21.3  meters  (70  feet)  deep  by  4.88  meters  (16  feet)  wide.  The 
attraction  flow  entering  each  entrance  is  56.6  m3/s  (2,000  cfs)  at  a  velocity  of  0.55  m/s  (1.8  ft/s).  A  semi¬ 
circular  trash  rack  is  provided  at  each  entrance  to  preclude  large  entrained  debris  from  entering  the 
channel  where  it  could  potentially  do  damage.  The  trash  rack  has  a  radius  of  6.10  meters  (20  feet)  and  is 
centered  in  front  of  the  entrance.  Vertical  bars  are  spaced  at  0.305  meter  (1.0  foot)  on  center.  A  semi¬ 
circular  rack  was  used,  as  opposed  to  a  flat  rack,  to  minimize  the  approach  velocity  at  the  location  of  the 
rack  and  reduce  hydraulic  effects  of  the  rack  bars  on  the  flow.  Experience  with  trash  racks  and  louver 
systems  has  shown  that  if  a  series  of  bars  or  slats  placed  in  a  flow  path  create  a  detectable  hydraulic 
disturbance  then  fish  may  tend  to  avoid  the  area.  With  the  rack  bars  located  a  considerable  distance 
upstream  of  the  entrance,  this  disturbance  should  be  minimized.  Below  the  channel  flotation  cells  there 
are  solid  plate  walls  extending  back  at  about  45  degrees  from  the  two  ends  of  the  trash  rack  to  the  outside 
of  the  channel  wall  (see  Plate  1.1.4).  These  are  included  to  seal  off  this  area  and  to  lead  fish  which  might 
be  traveling  along  the  wall  toward  the  trash  rack.  The  area  at  the  bottom  of  the  trash  rack  could  be  either 
open  or  closed.  If  the  area  is  left  open  there  would  be  potential  for  large  debris  to  pass  up  under  the  trash 
rack  and  into  the  channel  where  it  would  need  to  be  removed,  however,  it  is  anticipated  that  this  would  be 
a  somewhat  rare  occurrence.  Closing  off  this  area  with  a  solid  plate  would  prevent  this  problem  but 
would  also  preclude  flow  up  through  this  route  which  could  eliminate  one  means  of  attracting  some  of  the 
deeper  fish  up  into  the  SBC.  A  final  alternative  might  be  to  close  the  opening  with  a  trash  rack  at  an 
adverse  angle,  sloping  away  from  the  structure  with  increasing  elevation.  It  would  not  be  possible  to  rake 
this  rack.  However,  when  the  entrance  is  not  operating  and  no  flow  is  being  drawn  up  through  the  rack, 
debris  will  tend  to  drift  off  of  it.  This  would  be  a  decision  for  final  design, 
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Immediately  downstream  of  each  entrance,  the  flow  passes  through  approximately  a  90-degree  bend 
including  a  centerline  guide  wall  which  helps  maintain  a  uniform  flow  distribution.  Use  of  the  guide  wall 
yields  centerline  radius  to  conduit  width  ratios  of  about  2  and  3  for  each  half  of  the  conduit  through  the 
bend.  The  conduit  will  remain  constant  depth,  but  walls  of  the  conduit  will  converge  to  a  2.89-meter  (9.5- 
foot)-width  to  accelerate  flow  to  0.92  m/s  (3.0  ft/s).  The  acceleration  combined  with  the  low  Froude 
Number  (0.10)  will  prevent  flow  separations  (potential  fish  holding  areas)  from  forming  at  the  inside 
walls  of  the  conduit  bend. 

During  emergency  operations,  fish  can  be  bypassed  directly  into  the  flow  behind  the  dewatering  screens 
to  Spillbay  1  in  case  of  screen  plugging  or  other  malfunctions.  Gates  for  this  purpose  are  provided  in  the 
approach  conduit  walls  positioned  immediately  upstream  of  the  dewatering  screen  as  shown  on  Plate 
1.1.2.  The  average  velocity  through  these  doors  would  be  about  1 .8  m/s  (6.0  ft/s)  when  they  are  in  the 
emergency  bypass  mode.  The  emergency  doors  are  controlled  with  slide  gates  to  provide  an  added  level 
of  control  over  the  flow  rate.  Since  the  head  differential  across  the  doors  will  control  the  velocity, 
adjustment  of  the  gates  will  control  the  total  open  area,  and  therefore  the  flow  rate,  to  prevent  the 
operation  of  the  emergency  doors  at  one  entrance  from  “robbing”  flow  from  the  other  entrances  which 
might  still  be  operating  in  the  standard  screening  mode.  It  is  anticipated  that  individual  stacks  of  four 
slide  gates  would  be  connected  to  a  single  operator.  Guides  are  provided  to  install  bulkheads  both 
upstream  and  downstream  of  the  primary  dewatering  screens  to  prevent  fish  and  flow  from  entering  the 
primary  screen  section  of  conduit  when  in  the  bypass  mode. 

The  size  of  the  channel  relative  to  the  channel  flow  rates  is  large  resulting  in  low  velocities  through  most 
of  the  emergency  bypass  system.  Prior  to  the  flow  passing  under  the  Tainter  gate,  the  largest  velocity 
would  be  approximately  1.22  m/s  (4.0  ft/s)  occurring  in  two  locations.  These  locations  would  be  where 
the  flow  passes  between  the  back  wall  and  the  Entrance  5/6  conduit  bend  and  again  where  the  flow  passes 
through  the  opening  between  the  channel  and  the  SES.  Although  the  hydraulic  conditions  in  the  main 
channel  environment  may  allow  for  numerous  locations  which  could  represent  potential  holding  and/or 
delay  areas,  this  is  only  an  emergency  bypass  operating  condition  with  infrequent  or  unlikely  usage. 
Therefore,  for  the  purposes  of  this  report  the  designs  of  the  SBC  channels  were  focused  on  maximizing 
the  favorable  hydraulic  conditions  of  the  normal  operating  scenario.  If  fish  passage  directly  to  the  tailrace 
via  the  emergency  bypass  system  is  foreseen  to  be  a  more  common  operating  scenario,  a  number  of 
modifications  could  be  made  to  the  design  to  increase  the  effectiveness  of  this  system.  These  would 
include  use  of  internal  training  walls  or  screens  within  the  channel  to  move  the  flow  and  fish  more 
directly  to  the  SES  and  preclude  fish  from  entering  dead  zones  within  the  channel,  and  relocation  of  some 
or  all  of  the  emergency  bypass  doors  to  more  effectively  move  the  fish  rapidly  to  the  SES.  These 
modifications  would  add  cost  or  in  some  instances  would  necessitate  changes  to  the  internal  fish  conduit 
components  which  could  diminish  the  hydraulic  effectiveness  of  the  normal  operating  condition. 
Decisions  to  include  additions  or  modifications  such  as  these  would  need  to  be  made  based  on  a  cost- 
benefit  analysis  and  a  weighing  of  the  likelihood  of  “emergency”  bypass  operation. 

Control  of  Screened  Flow 

Control  of  flow  through  the  dewatering  screens  may  be  separated  into  two  distinct  issues: 

•  establishing  a  uniform  distribution  of  flow  and  velocity  through  an  individual  screen  section 

•  controlling  the  flow  rates  through  different  screen  sections. 
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Uniform  distribution  of  flow  through  a  screen  may  be  achieved  by  any  of  the  following  methods: 

•  V  a  ryitig  the  porosity  of  the  screen  over  its  area  to  compensate  for  small  spatial  variations  in  the 
head  differential  available  to  drive  flow  through  the  screen.  This  approach  would  be  required  in 
designs  where  the  driving  mechanism  for  the  flow  is  only  capable  of  producing  relatively  small 
head  differentials,  such  as  a  turbine  driven  venturi.  Disadvantages  of  this  type  of  design  are  its 
susceptibility  to  velocity  hot  spots  and  the  potential  for  significant  variations  in  the  flow  rate  in 
response  to  temporal  variations  in  the  driving  head  differential. 

•  Controlling  the  head  differential  by  compartmentalizing  the  area  downstream  from  the  screen  into 
small  sub  areas,  each  with  its  own  discharge  control,  such  as  a  weir  or  control  gate.  This  type  of 
design  offers  greater  control  over  the  flow  distribution  through  the  screen,  but  involves  greater 
cost  and  control  maintenance  complexity.  It  also  requires  a  greater  head  differential  to  drive  flow 
through  both  the  screen  and  the  control  device. 

•  Uniformly  reducing  the  effective  porosity  of  the  screen  to  increase  its  loss  coefficient  so  small 
differences  in  the  driving  head  over  the  screen  area  will  not  noticeably  affect  the  flow 
distribution.  This  method  of  flow  control  offers  the  most  maintenance  free  design  for  controlling 
the  distribution  of  velocity  across  the  screen  face.  However,  it  requires  a  relatively  large  design 
head  differential  so  that  the  inevitable  small  variations  in  differential  are  insignificant  by 
comparison. 

Since  the  spillway  is  capable  of  providing  large  driving  head  differentials,  die  last  strategy  can  be  used. 
This  has  the  advantage  of  simplicity  in  control  (no  adjustments  required  during  operation),  fabrication 
(uniform  screen  porosity),  and  maintenance  (screen  panels  are  interchangeable).  The  effective  porosity 
reduction  can  be  achieved  by  using  a  higher  porosity  upstream  screen  face  (40  or  more  percent)  and 
sandwiching  the  screen  support  framework  between  this  upstream  plate  and  a  low  porosity  downstream 
plate.  The  low  porosity  plate  would  be  designed  to  control  the  screen  flow  and  approach  velocity  with  a 
driving  head  on  the  order  of  0.46  meter  (1.5  feet),  which  should  ensure  reasonably  uniform  distribution 
even  in  the  presence  of  small  spatial  or  temporal  variations  in  the  head  differential. 

Three  materials  are  typically  used  for  dewatering  screens  in  this  type  of  application.  These  are  perforated 
plate,  bar  screen  (profile  bar  or  wedge  wire),  and  wire  mesh.  It  is  proposed  that  for  this  application  the 
upstream  screen  surface  be  stainless  steel  bar  screen.  While  higher  in  initial  cost,  bar  screen  has  a  number 
of  advantages  for  this  application.  It  is  preferred  by  agencies  in  applications  where  fish  contact  is 
possible.  Bar  screen  material  is  compatible  with  brush-type  cleaning  systems.  Experience  at  other 
dewatering  facilities  has  shown  that  perforated  plate  panels  with  relatively  high  porosity  and  long 
structural  spans  tend  to  vibrate  when  exposed  to  the  types  of  hydraulic  conditions  being  proposed. 

Finally,  assuming  the  more  expensive  material  is  a  conservative  approach  in  a  conceptual  evaluation  to 
reduce  the  potential  for  costs  to  rise  during  final  design. 

The  hydraulic  and  debris  handling  performance  of  bar  screen  will  vary  depending  on  whether  the  bars  are 
oriented  vertically  or  horizontally.  Depending  on  the  site-specific  debris  characteristics,  fouling  may  be 
substantially  reduced,  or  cleaning  improved,  by  orienting  foe  bars  one  way  or  foe  other.  Preliminary 
indications  from  application  of  bar  screen  by  others  indicate  that  orientation  of  foe  bars  perpendicular  to 
the  flow  direction  may  reduce  the  potential  for  fouling.  Final  selection  of  the  bar  orientation  should  be 
achieved  through  prototype  testing  with  appropriate  debris  loading.  Such  testing  would  also  define 
hydraulic  characteristics  of  foe  screen  and  assist  in  evaluation  and  development  of  cleaning  devices. 
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The  downstream  screen  face  is  proposed  to  be  a  heavy  gauge  perforated  plate.  Although  the  porosity  of 
the  perforated  plate  would  be  less,  the  actual  opening  size  would  be  larger  than  the  openings  on  the 
upstream  screen  panel  so  that  small  debris  passing  through  the  upstream  screen  face  would  pass  readily 
through  the  perforated  plate  on  the  downstream  side. 

Thus,  in  a  complete  screen  system,  this  double-sided  screen  design  consists  of  individual  rectangular 
panels  with  bar  screen  material  on  the  upstream  side  and  perforated  plate  on  the  downstream  side.  The 
panels  stack  in  guides  as  required  to  form  discrete  screen  stacks  located  side-by-side  along  one  wall  of  the 
dewatering  section.  Three  different  open  area  percentages  would  be  required  on  the  downstream  sides  of 
the  panels  to  create  the  three  dewatering  screen  approach  velocities  (see  Section  3.3.1)  while  operating 
under  a  common  differential  driving  head.  Screen  cleaning  is  accomplished  with  vertically  operating 
brush  bar  cleaners.  The  size  of  the  panels  would  likely  be  based  on  a  practical  limit  for  effective  length  of 
the  cleaning  equipment  and  the  capacity  of  the  hoisting  equipment  available  at  the  site.  Screen  cleaning 
and  hoisting  issues  are  discussed  in  Section  5.1.3.  The  screen  panel  stacks  would  be  removable  to 
facilitate  more  extensive  infrequent  cleaning  which  may  be  required.  This  would  likely  only  be  needed 
about  once  a  year  and  could  be  done  during  the  months  the  system  is  not  in  use. 

Control  of  the  total  combined  flow  rate  passing  through  the  dewatering  sections  is  regulated  by  the  size  of 
the  Tainter  gate  opening  at  Spillbay  1.  How  this  flow  distributes  itself  between  the  six  screen  sections  is 
defined  by  the  effective  porosity  of  the  screen  panels  at  each  section.  The  design  driving  head  differential 
at  each  screen  section,  and  the  corresponding  porosity  required,  would  be  determined  through  hydraulic 
modeling.  Once  these  porosities  are  established,  the  total  screened  flow  defined  by  the  Tainter  gate 
opening  should  distribute  evenly  between  the  dewatering  sections  so  long  as  the  screens  are  kept 
relatively  clean.  In  the  case  that  one  or  more  of  the  entrances  is  not  operating,  the  Tainter  gate  will 
regulate  the  correct  total  flow  through  the  remaining  entrance(s).  The  porosity  control  on  the  individual 
screens  will  still  maintain  the  correct  relative  differential  across  the  screens  for  the  operating  collector 
entrance(s),  within  a  few  percent.  The  remaining  transport  flow  after  dewatering  is  held  constant  by 
tilting  weirs  located  in  each  conduit. 

Head  losses  through  the  main  channel  body  transporting  flow  to  the  SES  will  be  a  maximum  of  0.3 1 
meter  to  0.46  meter  (1  foot  to  1.5  feet).  This  combined  with  screen  and  other  miscellaneous  system  losses 
will  result  in  an  operating  level  in  the  SES  upstream  from  the  Spillbay  1  Tainter  gate  on  the  order  of  1 .0 
meter  (3.3  feet)  lower  than  the  pool  level.  To  establish  the  desired  channel  flow  would  require  that  the 
Tainter  gate  be  open  approximately  0.91  meter  (3.0  feet)  when  the  forebay  level  is  within  the  normal 
operating  pool  range. 

Since  the  bypass  system  would  be  operated  throughout  the  migration  season,  regardless  of  tailwater 
conditions  or  levels,  the  effects  downstream  from  spilling  up  to  170  m3/s  (6,000  cfs)  through  Spillbay  1 
at  a  variety  of  tailwater  conditions  should  be  investigated.  These  effects  would  include  total  dissolved  gas 
(TDG)  and  influences  on  adult  fish  attraction  either  toward  or  away  from  the  fish  ladder  entrances.  Some 
modifications  to  the  existing  spillway  deflector  may  be  warranted,  however,  for  the  purposes  of  cost 
estimating  in  this  report  it  is  assumed  that  the  existing  deflector  would  be  adequate.  Further,  it  is 
anticipated  that  any  local  TDG  effects  from  spilling  through  a  single  spillbay  would  be  diluted 
downstream  by  the  powerhouse  flow.  The  geometry  of  the  deflector  and  resulting  tailrace  hydraulics 
should  be  investigated  in  a  hydraulic  model  to  determine  the  need  for  modification  to  address  TDG 
issues.  The  tailrace  flow  pattern  should  also  be  investigated  in  a  model  to  ensure  satisfactory  conditions 
for  adult  migration.  This  would  be  true  for  any  SBC  designs  that  may  impact  the  current  spill  release 
patterns. 
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Dewatering  Screen  Sections 

To  facilitate  the  simultaneous  operation  of  the  SBC  channel  and  the  ESBS  intake  diversion  system,  which 
both  pass  fish  into  the  existing  juvenile  gallery,  the  fish  transport  flow  from  the  SBC  must  be  reduced 
from  170  m  /s  (6,000  cfs)  to  0.85  m  /s  (30  cfs)  before  it  is  released  into  the  gallery.  This  is  accomplished 
in  a  two-stage  dewatering  process.  The  primary  dewatering  is  accomplished  individually  for  each  of  the 
three  entrance  conduits,  reducing  the  56.6  m3/s  (2,000  cfs)  to  1.81  m3/s  (64  cfs),  resulting  in  a  combined 
flow  from  the  three  entrances  of  5.44  m3/s  (192  cfs).  This  combined  flow  is  then  further  reduced  in  a 
common  secondary  dewatering  section  to  the  required  0.85  m3/s  (30  cfs). 

The  primary  screens  were  designed  using  the  screening  criteria  defined  in  Section  3.3.1.  These  include 
screen  approach  velocity  components  which  vary  from  0.36  m/s  (1.2  ft/s)  in  the  upstream  third  of  the 
screen  length,  to  0.24  m/s  (0.8  ft/s)  in  the  middle  third,  to  the  conventional  fry  criterion  of  0.12  m/s  (0.4 
ft/s)  in  the  downstream  third.  The  screen  areas  were  sized  assuming  that  approximately  75  percent  of  the 
gross  screen  area  would  be  effective  (the  rest  being  blocked  by  structural  supports,  screen  panel  framing, 
and  vertical  brush  cleaning  equipment). 

In  the  previous  SBC  Conceptual  Design  Study  for  Lower  Granite  Dam,  several  layouts  of  a  dual-wall 
primary  screen  section  in  a  “V ”  configuration  were  tried.  These  required  using  the  steepest  possible  floor 
slope  of  45  degrees  to  bring  the  floor  up  from  the  21.3  meters  (70  feet)  depth.  The  velocity  criteria 
resulted  in  a  screen  that  was  short  enough  that,  even  with  a  steep  floor  slope,  the  conduit  cross  section  at 
the  end  of  the  screen  was  a  narrow  “keyhole,”  0.61  meter  (2  feet)  wide  by  12.2  meters  (40  feet)  deep. 
With  this  cross-sectional  area  the  transport  velocity  falls  well  below  a  reasonable  minimum  of  0.61  m/s 
(2.0  ft/s),  resulting  in  significant  deceleration  in  the  conduit.  In  short,  all  of  the  layouts  resulted  in  a 
conduit  that  was  excessively  deep  and  narrow  and  transport  velocities  that  were  too  low.  Therefore,  a 
single-wall  scieen  section  was  developed,  as  shown  on  Plate  1.1.2.  This  allowed  all  primary  screening  to 
be  performed  in  a  single  section  contained  within  the  length  of  two  powerhouse  units. 

Each  primary  dewatering  screen  section  is  made  up  of  three  areas  with  different  approach  velocities,  as 
shown  on  Plate  1.1.2.  This  layout  is  the  same  for  all  three  primary  dewatering  screen  sections.  The  first 
area  consists  of  two  stacks  of  5.33-meter  (17.5-foot)-wide  screen  panels,  one  each  with  depths  of  16.0 
meters  and  10.7  meters  (52.5  feet  and  35.0  feet).  This  is  followed  by  two  more  5.33-meter  (17.5-foot)- 
wide  stacks,  one  each  with  depths  of  7.77  meters  and  4.88  meters  (25.5  feet  and  16  feet).  The  final  area 
includes  two  7.32-meter  (24-foot)-wide  screen  panel  stacks,  one  each  with  depths  of  3.35  meters  and  1.83 
meters  (1 1.0  feet  and  6.0  feet).  This  is  a  conceptual  arrangement  and  represents  one  of  many  possible 
layouts.  Panel  widths  and  depths  would  likely  be  optimized  in  the  final  design  to  best  accommodate  the 
screen  cleaning  equipment.  The  0.36-m/s  (1.2-fit/s)  criterion  is  applied  over  the  upstream  two  stacks,  the 
0.24-m/s  (0.8-ft/s)  criterion  over  the  middle  two  stacks  and  the  0.12  m/s  (0.4  ft/s)  over  the  downstream 
two  stacks.  This  results  in  the  lower  velocities  being  applied  more  conservatively  to  greater  than  one 
third  of  the  screen  length  (40.7  percent).  The  gross  and  effective  net  screen  areas  are  248  m2  and  186  m2 
(2,665  ft  and  1,999  ft  ),  respectively.  The  conduit  width  varies  linearly  from  2.89  meters  to  1.52  meters 
(9.5  feet  to  5.0  feet)  over  the  upstream  two  stacks,  1.52  meters  to  0.91  meter  (5.0  feet  to  3.0  feet)  over  the 
middle  two  stacks,  and  0.91  meter  to  0.61  meter  (3.0  feet  to  2.0  feet)  over  the  downstream  two  stacks. 

The  screen  face  alignment  is  straight  with  the  variation  in  conduit  width  and  rate  of  convergence  being 
achieved  through  changes  in  alignment  of  the  opposite  wall.  The  floor  rises  through  this  section  with  the 
conduit  depth  reducing  to  2.44  meters  (8.0  feet)  at  the  end  of  the  primary  screens.  The  transport  (or 
sweeping)  velocity  through  the  primary  screen  section  increases  from  0.91  m/s  (3.0  ft/s)  at  the  upstream 
end  to  1.22  m/s  (4.0  ft/s)  at  the  downstream  end.  This  will  result  in  a  transit  time  past  the  screen  of  about 
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33  seconds  for  fish  moving  at  the  transport  velocity.  Through  the  narrowest  portion  of  the  screen 
transport  conduit,  where  the  fish  are  more  concentrated,  the  fish  are  exposed  to  the  more  conservative  fry 
criterion  screen  approach  velocity  component  of  0.12  m/s  (0.4  ft/s). 

Downstream  of  each  primary  screen  section  the  1.81-m3/s  (64-cfs)  fish  transport  flow  passes  through  a 
0.61  meter  (2.0  feet)  wide  by  a  2.4-meter  (8.0-foot)-deep  open  channel  transport  conduit.  Transport 
velocities  through  the  conduits  are  sustained  at  1.2  m/s  (4.0  ft/s).  Maintenance  of  the  1.2-m/s  (4.0-ft/s) 
velocity  allows  the  2.4-meter  (8.0-foot)-deep  section  to  be  sustained  to  the  secondary  dewatering  section, 
thus  minimizing  fish  exposure  to  variations  in  the  flow  section  and  flow  velocity. 

Low  tilting  weirs  are  included  in  the  transport  conduits  to  allow  balancing  of  the  discharge  contribution 
from  each  primary  screen.  Balancing  is  required  in  that  the  length  of  the  transport  conduits  from  each 
primary  screen  is  substantially  different.  Additionally,  the  weirs  could  be  operated  to  generate  fish  capture 
sections.  A  drop  of  160  millimeters  (0.53  foot)  would  provide  a  trapping  velocity  of  2.1  m/s  (6.9  ft/s)  at 
the  weir  for  Entrance  5/6.  Corresponding  drops  over  the  succeeding  weirs  for  Entrances  3/4  and  1/2 
would  be  230  millimeters  (0.75  foot)  and  251  millimeters  (0.82  foot),  respectively.  For  this  operation, 
critical  flow  with  an  undular  water  surface  would  develop  at  and  below  both  the  Entrance  3/4  and 
Entrance  1/2  weirs. 

As  an  alternative,  if  minimizing  head  loss  through  the  conduits  was  required,  tilting  weirs  could  be 
limited  to  the  transport  conduits  from  Entrances  3/4  and  1/2  only.  With  this  configuration,  the 
approximate  drop  over  the  tilting  weirs  would  be  70  millimeters  (0.23  foot)  and  91  millimeters  (0.30 
foot),  respectively.  The  weirs  would  be  fully  submerged  with  adequate  control  achieved  while 
maintaining  subcritical  flow.  As  a  consequence,  hydraulic  jumps  would  not  occur.  However,  with  only 
two  weirs  there  would  be  somewhat  less  control  over  the  system  flow  conditions. 

The  bypass  conduits  are  realigned  and  merged  in  such  a  manner  that  flow  disruption  is  minimized. 
Upstream  of  where  the  conduits  merge,  centerline  conduit  bend  radii  in  most  cases  were  held  to  at  least 
ten  conduit  widths.  The  dividing  wall  between  the  merged  conduits  is  sustained  well  downstream  of  the 
parallel  alignment  point  to  supply  flow  guidance  and  stabilization.  Merged  conduits  were  held  at  the  2.4- 
meter  (8.0  feet)  depth  and  merged  velocities  sustained  at  1.2  m/s  (4.0  ft/s).  Ultimately,  the  merged 
conduit  has  a  width  of  1.8  meters  (6.0  feet)  at  the  entrance  to  the  secondary  screening  section. 

To  minimize  secondary  screen  length,  a  dual  wall  “V”  configured  layout  was  used.  The  developed  screen 
walls  on  either  side  of  the  section  are  each  15.2  meters  (50.0  feet)  long.  The  transport  velocity  of  1.2  m/s 
(4.0  ft/s)  is  sustained  through  the  dewatering  section  as  the  channel  converges  to  a  width  of  0.612  meter 
(2.0  feet)  and  depth  of  1.14  meters  (3.75  feet).  In  that  fish  are  concentrated  as  they  pass  through  the 
secondary  section,  screens  are  sized  based  on  the  NMFS  fry  approach  velocity  criteria  of  0. 12  m/s  (0.4 
ft/s).  Effective  screen  area  was  evaluated  as  75  percent  of  the  gross  face  area.  Each  wall  of  the  secondary 
screen  is  comprised  of  five  3.0-meter  (lO.O-foot)-wide  screen  stacks  (Plate  1.1.2)  with  progressively 
decreasing  depths  of  2.2  meters,  1.9  meters,  1.7  meters,  1.4  meters,  and  1.1  meters  (7.15  feet,  6.30  feet, 
5.45  feet,  4.60  feet,  and  3.73  feet).  Both  of  the  screen  walls  and  the  floor  converge  linearly  through  the 
dewatering  section. 

Variable  flow  control  for  the  secondary  dewatering  screens  may  be  required  to  compensate  for  reduced 
flow  rates  when  not  all  entrances  are  in  operation.  Control  may  be  provided  by  installing  solid  plates  in 
slots  downstream  from  the  dewatering  screen  panels  for  achieving  necessary  closure  (blockage)  of  the 
screen  panel  openings.  Selected  panels  may  be  installed,  reducing  effective  screen  area  and  maintaining 
the  design  head  difference  and  flow  distribution.  Alternately,  a  gated  porosity  control  structure  could  be 
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installed  around  the  entire  secondary  dewatering  section  allowing  the  full  section  to  be  utilized  at  a  lower 
screen  velocity.  In  either  case,  bulkheads  must  be  provided  to  block  the  conduit  at  either  end  of  a  non¬ 
operating  primary  dewatering  section  to  prevent  flow  from  the  entrance  or  back  flow  from  the  other 
entrances  from  entering  the  section. 

Fish  Transport  Conduit 

Downstream  from  the  last  stack  of  secondary  dewatering  screens  the  conduit  floor  continues  to  rise  from 
1.14  meters  (3.75  feet)  to  0.914  meter  (3.0  feet)  deep  over  a  length  of  3.05  meters  (10  feet).  This  results 
in  a  velocity  increase  to  1 .52  m/s  (5.0  ft/s).  After  this  point  the  cross  section  remains  constant,  0,914 
meter  (3.0  feet)  deep  by  0.61  meter  (2.0  feet)  wide.  The  floor  of  this  conduit  would  be  sloped  mildly 
downward  (approximately  1:400)  to  maintain  a  constant  velocity  of  1 .52  m/s  (5.0  ft/s).  All  bend 
centerline  radius  to  channel  width  ratios  equal  or  exceed  5.  Flow  and  water  level  in  the  conduit  are 
controlled  by  a  tilting  weir  located  at  the  downstream  end.  Total  headloss  from  the  forebay  to  the  tilting 
weir  will  be  less  than  0.3  meter  (1.0  foot).  The  tilting  weir  consists  of  a  vertical  weir  with  a  hinged 
sloping  plate  attached  to  the  upstream  side.  Along  the  hinged  sloping  plate,  velocity  increases  to  critical 
depth  and  velocity,  0.582  meter  and  2.39  m/s  (1.91  feet  and  7,85  ft/s)  near  the  crest  of  the  weir.  Although 
the  slope  of  the  tilting  plate  would  vary  slightly  with  the  height  of  the  weir,  the  slope  would  always  be 
less  than  45  degrees  up  from  horizontal. 

After  passing  over  the  weir,  the  flow  spills  into  a  receiving  pool  and  channel  created  by  a  caisson  attached 
to  the  dam  face  above  the  location  of  the  existing  auxiliary  water  port  into  the  juvenile  fish  gallery.  Since 
the  control  weir  is  integral  with  the  floating  channel  it  floats  up  and  down  with  the  structure  and  should 
not  need  to  be  adjusted  in  response  to  varying  pool  levels.  The  water  level  within  the  caisson  would  be 
hydraulically  controlled  by  the  conditions  in  the  existing  fish  gallery.  This  control  is  based  on  the  water 
level  head  at  the  inlet  to  the  existing  downwell.  During  current  operation  of  the  fish  gallery  the  water 
level  at  the  downwell  is  about  elevation  221.9  meters  (728  feet).  It  is  anticipated  that  the  SBC  system 
would  be  run  with  the  water  in  the  caisson  at  about  this  same  level,  resulting  in  drop  heights  varying 
between  1.2  meters  (4  feet)  and  2.7  meters  (9  feet)  at  low-  and  high-operating  pool  levels,  respectively. 
The  receiving  pool  was  sized  to  comply  with  energy  dissipation  criteria  that  considers  both  the  maximum 
drop  and  the  discharge.  A  submerged  ramp  and  fillets  have  been  included  in  the  pool  to  minimize  the  size 
of  eddy  zones  and  to  turn  and  direct  the  flow  downstream.  The  plunge  depth  would  be  about  3.0  meters 
(10.0  feet).  These  conditions  themselves  should  not  create  a  biological  problem,  however  flow  patterns  in 
the  caisson  flow  should  be  addressed  through  hydraulic  modeling  during  final  design  with  the  caisson 
designed  to  minimize  any  problems  associated  with  turbulence. 

The  plunging  action  into  the  receiving  pool  creates  a  potential  for  gas  transfer  and  generation  of 
supersaturated  TDG  levels.  Based  on  mean  pressure  in  the  3.0-meter  (10.0-foot)-deep  pool, 
supersaturation  levels  of  at  most  1.15  atmospheres  (115  percent)  could  be  generated.  Degassing  would 
then  occur  as  the  flow  exits  the  plunge  pool.  TDG  levels  would  then  be  substantially  diluted  by  mixing 
with  the  gallery  flow.  Exposure  time  to  the  elevated  TDG  would  be  less  than  one  minute  based  on  the 
flow  volume  exchange  rate. 

ESBS  Performance 

The  presence  of  the  SBC  will  modify  velocity  magnitudes  and  distribution  in  the  turbine  intake.  This  will 
result  in  modification  of  the  velocity  field  intercepted  by  the  ESBS.  There  is  a  potential  that  an  upward 
velocity  component  will  be  added  along  the  intake  crown.  Observations,  such  as  those  made  during  the 


H:\WP\ 1 3 46i4ppendices\EEI S\E  -  Major  Sys  ImpCajuRdylAnnexeslAnnex  B\AnnexB.doc 


E-B-37 


Appendix  E 


1996  SBC  prototype  study  at  Lower  Granite  indicate  that  this  may  actually  improve  ESBS  performance, 
increasing  fish  guidance  efficiencies.  Changes  in  the  velocity  field  across  the  ESBS  and  flow  balance 
along  the  height  of  the  vertical  barrier  screens  (VBS)  will  likely  be  modified.  Influence  of  the  SBC  on 
ESBS  performance  should  be  evaluated  in  a  single  turbine  intake  model.  Changes  in  ESBS  and  VBS 
porosities  may  be  required. 

Cutoff  Wall 

The  cutoff  wall  is  located  where  flow  on  one  side  accelerates  into  the  turbine  intake  and  there  are 
relatively  static  flow  conditions  on  the  other  side.  This  will  generate  a  differential  pressure  loading  on  the 
wall.  This  loading  should  be  evaluated  through  use  of  a  powerhouse  sectional  hydraulic  model. 

Influence  on  Spillway  Capacity 

The  SES  was  designed  so  that  there  was  no  loss  of  effective  crest  length  when  operating  in  the  full  spill 
condition,  with  the  bulkhead  panels  removed.  However,  the  SES  may  have  minor  influences  on  the 
discharge  coefficient  for  Spillbay  1.  Assuming  that  during  large  flood  spill  events  Spillbay  1  would  be 
used  in  conjunction  with  significant  release  through  the  adjoining  spillbay,  there  should  be  no  re-entrant 
effect  associated  with  the  north  SES  wall.  The  influence  of  the  SBC  wall  should  eliminate  any  effect 
from  the  south  wall.  Proper  treatment  of  the  design  of  the  bottom  of  the  SES  entrance  could  eliminate 
negative  re-entrant  effects  of  the  SES  floor.  A  short  ‘false’  wall  extending  down  from  the  floor  at  the 
SES  entrance  is  shown  on  Plate  1.1.5  as  a  possible  means  of  mitigating  this  effect.  With  hydraulic 
modeling,  an  SES  design  could  be  developed  that  would  have  no  influence  on  spill  capacity. 

5.1.2  Structural  Design 

Cross  sections  of  the  components  making  up  the  Lower  Granite  Type  1  channel  design  are  shown  on 
Plates  1.1.3  through  1.1.5.  The  channel  includes  two  flotation  cells  at  the  top,  one  on  the  upstream  side 
and  one  on  the  downstream  side.  The  fish  conduits  described  in  Section  5.1.1  are  located  inside  the 
channel  between  the  flotation  cells.  The  main  portion  of  the  channel,  outside  the  fish  conduits,  forms  the 
screened  discharge  channel  which  carries  the  screened  flow  north  to  the  SES  attached  to  Spillbay  1 . 

Based  on  the  normal  operating  water  surface  differential  between  the  forebay  pool  and  the  inside  of  the 
SBC,  a  maximum  design  head  differential  across  the  walls  and  floors  of  the  channel  and  SES  components 
is  conservatively  assumed  to  be  1.52  meters  (5.0  feet)  for  structural  design  and  cost  estimating  purposes. 

To  help  protect  against  these  components  being  overloaded  it  is  recommended  that  the  Tainter  gate  be 
electrically  limited  to  a  specific  maximum  opening  during  operation  of  the  SBC.  Additionally,  the  head 
differential  should  be  monitored  and  the  Tainter  gate  closed  automatically  if  it  becomes  excessive.  A 
further  measure  to  protect  the  channel  from  possible  hydraulic  overload  would  be  the  inclusion  of  a 
pressure  relief  panel(s)  in  the  channel  walls.  Since  the  discharge  capacity  of  the  Tainter  gate  is  far  in 
excess  of  the  170  m3/s  (6,000  cfs)  design  flow  capacity  of  the  channel,  and  since  an  unrestricted  release  of 
water  under  the  gate  would  generate  a  severe  pressure  overload  on  the  channel,  and  possibly  lead  to 
collapse  of  the  structure,  the  relief  panels  should  be  sized  for  the  design  headloss  of  the  channel,  but  with 
a  total  discharge  well  in  excess  of  170  m3/s  (6,000  cfs).  Assuming  a  Tainter  gate  discharge  of,  for 
example,  340  m3/s  (12,000  cfs),  at  a  1.52-meter  (5.0-foot)  head  differential  and  a  conservative  0.60  orifice 
coefficient,  the  required  panel  opening  size  would  be  approximately  104  square  meters  (m2)  (1,115  square 
feet  [ft2]).  A  single  9.2-meter  by  12.2-meter  (30-foot  by  40-foot)  panel  at  one  end  of  the  channel  could 
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provide  this  relief.  Shear  pin  closures  could  secure  the  panel  and  would  be  designed  to  fail  at  the  desired 
head  differential. 

The  steel  caisson  attached  to  the  erection  bay  above  the  fish  gallery  auxiliary  water  port  would  be 
designed  for  a  fully  dewatered  condition  to  facilitate  maintenance  of  the  gallery  system. 

Floating  Channel  Issues 

The  structural  advantage  of  a  floating  channel  is  that  external  support  for  the  vertical  dead  weight  of  the 
structure  is  not  required.  Although  the  channel  still  needs  to  be  held  in  place  horizontally,  these 
attachments  are  significantly  less  substantial  than  would  be  required  if  the  channel  weight  needed  to  be 
supported.  Additionally,  supporting  the  weight  of  the  channel  structure  directly  off  the  dam  face  would 
have  negative  impacts  on  the  seismic  stability  of  the  powerhouse  monoliths.  This  concern  will  be 
addr  essed  in  more  detail  later  in  this  section. 

The  fact  that  the  channel  is  floating  presents  some  structural  design  considerations  which  must  be 
addressed.  Wave  dynamics  must  be  considered  when  dealing  with  any  floating  structure.  If  the  draft  is 
small  relative  to  the  wave  size,  the  structure  can  experience  a  significant  heaving  motion.  However,  the 
2 1 .3  meters  (70  feet)  draft  of  the  SBC  channel  should  effectively  eliminate  any  concern  with  heaving  of 
the  channel.  Waves  can  also  create  differential  pitching  motions  between  segments  of  the  channel  if  the 
structure  is  hinged  or  articulated.  This  type  of  motion  can  place  extreme  fatigue  loads  into  the 
connections  between  segments.  An  additional  source  of  fatigue  loading  at  the  connections,  if  the  channel 
were  to  be  segmented,  would  be  differential  buoyancy  between  the  segments.  Given  the  operating 
conditions,  especially  the  difference  between  the  on  and  off  conditions,  there  will  be  variation  in 
buoyancy  over  both  time  and  length  of  the  channel.  Therefore,  the  channel  should  be  designed  as  a 
continuously  rigid  structure  which  floats  and  pitches  as  a  monolithic  unit.  At  the  locations  of  the  entrance 
openings  this  will  require  bracing  across  the  opening  to  maintain  stiffiiess.  Bracing  will  also  be  required 
to  provide  rigidity  across  the  discontinuities  in  the  flotation  cells  where  the  transport  conduit  passes 
through  the  west  wall. 

Because  the  channel  is  supported  from  the  flotation  cells,  the  final  design  will  need  to  include  adequate 
internal  structural  bracing  to  ensure  that  the  channel  shape  is  maintained  over  all  loading  conditions. 
Internal  bracing  is  shown  conceptually  on  the  accompanying  plates  depicting  the  channel.  Actual  size 
and  location  of  the  structural  components,  including  this  bracing,  would  be  defined  in  the  final  design. 
The  anticipated  design  approach  would  involve  a  structural  system  utilizing  an  internally  braced  frame  at 
each  of  the  pier  locations  supporting  wall  and  floor  panel  systems.  The  load  path  would  be  from  the 
panels  to  the  braced  frames  to  the  channel  support  attachments.  Systems  such  as  this  have  been 
developed  successfully  for  prototype  SBC  channels  at  other  projects.  Alternatives  to  the  braced  frame 
design  would  include  a  moment  frame  design  at  the  pier  locations,  however,  it  is  felt  that  excessive 
deflections  likely  from  such  a  system  would  compromise  the  critical  alignment  requirements  of  internal 
walls  and  equipment,  and  would  result  in  excessive  weight  of  the  channel  due  to  the  great  depth  of  the 
members  to  transfer  the  moments. 

Some  structural  bracing  members  at  the  channel  frames,  and  possibly  within  the  dewatering  screen 
sections,  are  anticipated  in  the  flow  path,  but  these  will  be  minimized  to  the  extent  possible  and  will  be 
hydrodynamically  shaped.  This  will  be  done  for  fish  protection,  to  minimize  debris  build  up,  and  to 
minimize  headlosses  in  the  channel.  The  proposed  screen  cleaner  system  utilizes  vertically  sweeping 
brush  bar  cleaners,  as  opposed  to  horizontally  sweeping  brush  bar  cleaning.  Because  each  individual 
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screen  stack  would  have  a  dedicated  brush  bar,  there  is  no  specific  restriction  to  including  cross-conduit 
pipe  braces  at  strategic  locations  within  the  dewatering  section.  This  could  contribute  to  overall 
reductions  in  support  steel  for  the  screen  walls.  As  with  the  channel  frame  bracing,  the  extent  of  cross¬ 
conduit  bracing  would  be  minimized  to  reduce  biological  concerns.  The  vertically  sweeping-brush  bar 
cleaners  are  described  in  Section  5.1.3. 

Horizontal  Restraint  and  Dam  Stability 

Although  the  SBC  channel  is  floating  and  supported  in  the  vertical  direction,  horizontal  restraint  is 
required  in  the  transverse  (upstream/downstream)  and  longitudinal  (along  the  axis  of  the  dam)  directions. 
The  existing  prototype  SBC  channel  is  restrained  by  guides  attached  to  the  powerhouse  intake  structure. 
Concern  was  expressed  early  in  this  study  that  a  direct  attachment  of  the  channel  to  dam  mounted  guides, 
as  done  for  the  prototype  at  Lower  Granite,  might  compromise  the  structural  stability  of  the  dam  during  a 
seismic  event  due  to  the  additional  inertial  force  which  would  need  to  be  overcome  to  mobilize  the  mass 
of  the  channel.  Since  there  was  no  comprehensive  stability  review  available  for  the  Lower  Granite 
powerhouse,  a  review  was  performed  of  the  original  Lower  Monumental  powerhouse  stability  analysis, 
an  identical  powerhouse  with  a  slightly  lower  pool  level.  Although  this  review  was  cursory,  and  not  a 
recalculation  of  the  full  stability  analysis,  it  was  concluded  that  there  is  adequate  cause  for  concern  at 
Lower  Granite  that  if  any  additional  horizontal  seismic  loading  is  considered  (beyond  the  current  design 
loads)  a  full  stability  analysis  documenting  the  safety  of  the  structure  should  be  performed. 

Because  the  stability  review  was  inconclusive  concerning  the  magnitude  of  any  additional  horizontal 
loads  which  could  be  applied  safely  to  the  powerhouse,  a  number  of  different  horizontal  support 
alternatives  were  investigated  for  the  purpose  of  comparison.  The  approach  was  to  investigate 
alternatives  which  could  support  the  transverse  and  longitudinal  loads  associated  with  the  channel  while 
reducing  or  eliminating  any  additional  seismic  loading  imparted  on  the  powerhouse  structure.  These 
alternatives  included  a  direct  guide  attachment  to  the  dam,  a  damped  connection,  a  stand-alone  structure 
in  the  forebay,  a  cable  moored  design,  and  a  fused  attachment  to  the  dam.  Calculations  and  sketches  from 
these  investigations  are  included  in  Attachment  A. 

Attaching  the  channel  directly  to  a  dam  mounted  guide  was  investigated  as  a  baseline  to  determine  the 
magnitude  of  the  increased  loads  which  would  be  applied  on  the  dam,  assuming  no  special  measures  were 
taken  to  isolate  the  channel  loads.  As  compared  to  the  combined  hydrostatic  and  hydrodynamic  loads  the 
forebay  would  impart  to  the  dam  during  a  design  seismic  event  (whether  the  channel  was  present  or  not), 
a  direct  attachment  would  result  in  an  increase  of  about  3.3  percent  in  downstream  horizontal  loading 
applied  to  the  upstream  face  of  the  powerhouse.  Because  the  channel  occupies  the  upper  half  of  the  water 
column,  this  load  has  a  somewhat  greater  effect  on  the  applied  overturning  moment,  representing  an 
increase  of  about  7. 1  percent.  Although  there  is  cause  for  concern  about  any  additional  loading,  it  is 
recommended  that  a  full  stability  analysis  be  performed  to  determine  if  this  increase  is  significant  or  not. 
If  the  additional  load  satisfies  the  design  requirements,  then  the  complexity  and  maintenance  issues 
associated  with  the  channel  attachment  might  be  reduced. 

Seismic  dampers  are  commonly  produced  for  installation  in  building  structures  to  decrease  member 
stresses  experienced  during  an  earthquake.  If  seismic  dampers  are  placed  within  this  type  of  attachment 
they  would  function  more  like  automobile  shock  absorbers  than  building  dampers.  This  type  of  damping 
can  reduce  the  additional  loading  but  can  not  eliminate  it.  Determining  the  magnitude  of  the  reduction 
which  could  be  accomplished  by  a  damped  connection  would  be  an  extensive  calculation  based  on 
assumptions  about  the  damping  characteristics  of  the  equipment,  the  arrangement  of  the  attachment,  and 
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the  magnitude  of  the  design  earthquake  ground  deflection  and  cycle  period.  This  level  of  investigation 
would  only  be  justified  if  it  was  pre-determined  that  the  full  additional  load  could  not  be  tolerated  but 
some  defined  reduction  target  would  be  acceptable.  Therefore,  as  part  of  the  recommended  stability 
analysis  it  is  suggested  that  a  magnitude  be  defined  for  the  maximum  allowable  additional  load  which 
could  be  applied  to  the  upstream  face  of  the  powerhouse  monolith  during  a  design  seismic  loading 
condition  if  the  load  was  centered  10.7  meters  (35  feet)  below  the  water  surface.  If  the  full  additional 
load  can  not  be  applied,  but  a  realistically  achievable  reduction  is  acceptable  (e.g.  less  than  a  50  percent 
reduction),  then  a  design  incorporating  conventionally  manufactured  seismic  dampers  may  represent  a 
relatively  low-cost  installation  with  minimal  maintenance  requirements. 

Two  design  alternatives  involving  full  external  support  for  the  transverse  channel  loads  were  investigated. 
The  first  alternative  involved  a  series  of  fixed  tower  support  structures  mounted  on  the  bottom  of  the 
forebay  on  the  upstream  side  of  the  channel.  The  second  alternative  involved  a  more  flexible  support 
system  consisting  of  a  series  of  long  heavy  cables  which  would  moor  the  channel  to  anchors  mounted 
upstream  on  the  bottom  of  the  forebay.  Both  of  these  designs  were  determined  to  be  excessively  large 
and  expensive.  Additional  detail  on  these  designs  can  be  found  in  the  calculations  located  in 
Attachment  A, 

If  no  additional  seismic  loading  can  be  applied  to  the  upstream  face  of  the  dam,  in  excess  of  those  which 
would  exist  in  the  absence  of  the  channel,  then  the  proposed  support  alternative  is  a  fused  attachment  to 
guides  mounted  on  the  powerhouse  piers.  The  concept  behind  this  design  is  that  up  to  a  designed 
maximum  load  the  attachment  of  the  channel  to  the  guides  would  act  as  a  rigid  attachment.  During  an 
earthquake,  a  rigid  attachment  would  force  the  dam  and  the  channel  to  move  and  accelerate  together 
monolithically.  The  portion  of  the  hydrodynamic  forebay  load  (Westergaard  forces)  which  occurs  over 
the  top  21.3  meters  (70  feet)  of  the  water  column  would  be  applied  to  the  upstream  face  of  the  channel, 
rather  than  the  dam  face.  This  portion  of  the  load  would  then  be  transferred  into  the  dam  via  the 
attachments,  along  with  the  inertial  loads  from  the  horizontal  acceleration  of  the  channel  structure  and  the 
water  contained  within  it.  If  the  attachments  are  designed  to  disconnect  when  the  applied  compression 
load  exceeds  the  hydrodynamic  load  the  dam  would  experience  without  the  channel,  then  the  dam  would 
not  experience  an  increase  over  the  current  design  loading.  The  proposed  connection  would  be  made  with 
a  series  of  high-strength  steel  shear  pins  acting  as  the  fuse  mechanism.  This  concept  is  feasible  because 
the  design  shear  load  resulting  from  the  maximum  hydrodynamic  effects  of  the  forebay  over  the  top  21.3 
meters  (70  feet)  would  be  approximately  3.5  times  the  ice  or  wave  loading,  which  represent  the  next 
highest  naturally  occurring  design  loads.  Therefore,  no  source  of  loading  other  than  a  major  earthquake 
could  apply  loads  large  enough  to  shear  the  fuse  pins,  and  at  the  instant  of  shear  during  an  earthquake  the 
dam  structure  would  not  be  experiencing  loads  greater  than  those  it  has  already  been  designed  for  in  the 
transverse  (upstream/downstream)  direction.  A  system  of  fuse  pins  would  also  be  incorporated  into  the 
longitudinal  attachment  locations  to  prevent  motions  in  the  north/south  direction  from  overstressing  the 
pier  noses.  Once  failure  at  the  fused  connection  were  to  occur,  the  channel  would  be  free  to  float  within 
the  confines  of  the  guide  system  constrained  by  compressible  stops  to  prevent  the  channel  from  drifting. 
Calculations  and  sketches  of  a  possible  design  are  included  in  Attachment  A.  It  should  be  noted  that 
regardless  of  the  eventual  outcome  of  the  recommended  comprehensive  stability  review  of  the 
poweihouse,  a  fused  connection  may  make  economic  sense  since  the  overall  size  of  attachment  members 
and  anchors  would  be  reduced  to  the  size  of  the  failure  force,  not  the  full  inertial  force  of  the  channel. 
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Spillway  Extension  Structure 

The  SES  is  attached  to  the  upstream  face  of  Spillbay  1  and  extends  upstream  into  the  forebay.  The  effects 
of  this  structure  on  the  stability  of  the  spillway  monolith  were  reviewed  and  it  was  determined  that  the 
presence  of  the  SES  increases  the  stability  of  the  monolith  under  all  design  loading  conditions,  including 
seismic.  This  is  due  to  the  fact  that  the  SES  is  proposed  to  be  a  concrete-filled  steel  structure  which  is 
rigidly  attached  to  the  upstream  face  of  the  monolith.  At  this  location,  the  added  weight  of  the  extension 
structure  applies  a  large  stabilizing  moment  to  the  monolith  which  more  than  compensates  for  any 
destabilizing  loads  the  structure  and  the  water  it  contains  would  impart  during  a  seismic  event.  In 
addition  to  stability  issues,  horizontal  shear  and  torsional  loading  in  the  spillway  structure  due  to  the 
additional  horizontal  loads  was  reviewed.  From  this  review,  the  spillway  structure  appears  to  be  fully 
capable  of  carrying  these  loads.  The  stability  review  calculations  are  included  in  Attachment  A. 

The  one  spillway  component  that  would  warrant  a  more  detailed  review  is  the  Tainter  gate  itself. 
Additional  loads  applied  to  this  structure  appear  to  increase  the  loading  by  as  much  as  4  percent.  Because 
this  review  was  somewhat  conservative,  and  because  a  detailed  investigation  of  the  gate  was  not 
performed,  the  increase  may  be  within  the  reserve  capacity  of  the  gate  and  may  be  justified  in  final 
design.  If  the  gate  does  require  structural  modifications  to  support  this  increase  they  would  be  relatively 
minor  compared  to  constructing  an  alternative  outlet  for  the  flow.  The  advantage  of  maintaining  the 
ability  to  utilize  Spillbay  1  up  to  its  full  flood  discharge  capacity  would  justify  the  small  modification 
costs  and  the  SES  design  as  shown. 

Although  not  shown  in  the  drawings,  the  structural  system  of  the  SES  is  assumed  to  include  a  bracing 
system  in  the  top  plane  of  the  structure  to  support  the  tops  of  the  walls.  Also,  since  the  structure  spans  the 
contraction  joint  between  the  non-overflow/half  spillbay  monolith  and  the  first  full  spillbay  monolith,  the 
floor  of  the  SES  would  likely  also  require  a  similar  joint.  Bracing  of  the  floor  panel  on  either  side  of  the 
joint  from  below  may  be  required  to  provide  support  to  the  panel.  A  detailed  investigation  should  be 
performed,  possibly  including  hydraulic  modeling,  to  determine  the  full  extent  of  the  loads  experienced 
by  the  SES  components  in  both  the  operating  and  full  spill  conditions.  These  would  need  to  include  the 
thrust  loads  due  to  the  water  flow  inside  the  SES  and  differential  pressure  between  the  inside  and  outside. 
Structural  loads  on  the  SES  during  full  spill  operation  in  some  areas  may  exceed  the  operating  design 
loads.  This  may  be  especially  true  in  the  area  of  the  SES  floor  and  lower  walls.  Final  design  should 
utilize  criteria  which  fully  incorporate  these  full  spill  loads. 

Floating/Fixed  Structure  Conduit  Connections 

As  was  noted,  the  floating  channel  structure  is  proposed  to  be  attached  to  the  powerhouse  with  a  system 
of  fused  attachment  arms  and  vertical  guides  which  will  allow  for  vertical  movement  but  restrict 
horizontal  (upstream/downstream)  movement  under  normal  operating  conditions.  During  maximum 
design  seismic  events,  however,  these  fuses  would  shear  preventing  the  channel  from  transferring  full 
inertial  loads  to  the  concrete  dam.  Since  the  floating  channel  conveys  water  to  the  powerhouse  juvenile 
gallery  and  the  SES,  sliding  connections  capable  of  allowing  vertical  movement  must  be  provided  at  these 
locations  which  can  pass  the  conduit  flow  with  a  minimal  amount  of  leakage.  Moreover,  since  the 
proposed  channel  horizontal  support  system  at  the  powerhouse  is  fused,  and  designed  to  allow  differential 
horizontal  movement  between  the  channel  and  the  dam  under  extreme  seismic  loading,  these  water 
passage  connections  must  not  only  slide  vertically  under  normal  operations,  but  also  must  accommodate 
horizontal  movement  of  the  channel  under  design  seismic  loads.  A  fused  connection  design  would  also 
be  appropriate  for  these  connections.  Failure  of  the  connections  could  involve  the  shearing  of  pins,  the 
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crumpling  of  steel  in  designed  crumple  zones,  or  a  flexible  sliding  connection  that  would  compress. 
Selection  of  a  design  approach  and  detailing  of  the  attachments  would  be  issues  for  final  design. 

Channel  Cutoff  Wall 

The  cutoff  wall  component  of  the  SBC  system  is  intended  to  prevent  the  fish  from  entering  the  Unit  6 
intake  via  a  path  under  the  north  end  of  the  SBC  channel.  In  this  sense,  the  wall  is  a  behavioral  structure 
only.  Despite  this,  the  wall  could  be  subjected  to  relatively  significant  loads  which  need  to  be  considered 
in  the  design.  These  loads  include  the  differential  water  load  caused  by  the  velocity  of  the  water  entering 
the  turbine  intakes  of  approximately  0. 12  meter  (0.4  foot)  of  water,  the  pressure  load  caused  by  load 
rejection  events  from  the  turbines  of  approximately  0.3 1  meter  (1  foot)  of  water  which  acts  in  an  opposite 
direction  from  the  velocity  head-induced  loads,  gravity  loads  from  the  wall  itself,  and  finally,  and  most 
significantly,  the  hydrodynamic  Westergaard  loads  induced  by  seismic  events  which  push  the  wall 
through  the  water.  The  Westergaard  loads,  calculated  to  be  equivalent  to  approximately  3.23  meters  (10,6 
feet)  of  water,  are  as  much  as  ten  times  the  magnitude  of  the  other  out-of-plane  loads. 

The  structural  design  philosophy  of  the  cutoff  wall  is  proposed  to  be  similar  to  that  of  the  SBC  channel 
attachment  to  the  dam.  That  is,  to  utilize  a  load  limiting  system  to  minimize  the  structure  size  and  cost. 
Much  like  the  fused  pin  connections  on  the  channel,  it  is  proposed  that  the  wall  be  designed  for  loads 
which  would  be  experienced  on  a  relatively  frequent  basis,  and  allow  failure  Of  various  components  to 
occur  when  confronted  with  the  very  infrequent  larger  loads  resulting  from  large  seismic  events.  This 
will  limit  the  structural  requirements  for  the  cutoff  wall  itself,  and  will  also  limit  the  loads  the  wall  can 
transfer  into  the  channel.  The  channel  will  need  to  be  reinforced  locally  in  the  cutoff  wall  attachment  area 
to  accommodate  the  normal  design  loads,  and  the  fused  attachment  of  the  channel  to  the  dam  will  need  to 
be  capable  of  supporting  these  north-south  loads. 

For  the  cutoff  wall,  it  is  proposed  that  the  panel  framing  members  and  their  support  points  to  the  channel 
above  and  concrete  footings  below,  be  designed  for  approximately  1.52  meters  (5  feet)  of  equivalent 
water  load,  well  below  the  Westergaard  loads,  and  that  the  actual  failure  components  (bolts  holding  an 
array  of  blow-out  panels  making  up  the  face  of  the  wall)  fail  under  approximately  0.91  meter  (3  feet)  of 
water  load.  This  will  allow  for  a  substantially  more  cost  efficient  structure  design  and  also  limit  the 
transfer  of  loads  to  the  support  points  for  the  wall.  A  conceptual  design  for  this  wall  is  presented  in 
Attachment  A. 

As  an  additional  complication,  the  wall  needs  to  accommodate  the  floating  SBC  channel  to  which  it  is 
attached  on  the  top.  To  achieve  this,  a  telescoping  wall  joint  is  proposed  allowing  for  the  6,86-meter 
(22.5-foot)  fluctuation  in  elevation  of  the  floating  channel  required  at  Lower  Granite.  A  smaller  upper 
fixed  panel  section,  braced  back  to  the  bottom  of  the  channel  and  able  to  move  vertically  with  the 
channel,  would  in  turn  provide  support,  through  a  sliding  connection,  to  the  larger  lower  panel  section 
which  is  also  supported  at  the  bottom  of  the  forebay.  Moreover,  the  wall  is  proposed  to  be  isolated  from 
the  dam  by  a  sealed  moveable  joint  to  a  small  wall  section  bolted  to  the  north  side  of  Unit  6. 

The  bottom  of  the  wall  is  assumed  to  be  supported  by  large  concrete  footings  rock-anchored  to  competent 
material  underlying  the  forebay. 
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5.1.3  Mechanical  Requirements 

Screen  Cleaner  Systems 

Although  the  trash  shear  boom  in  the  forebay  and  the  trash  racks  located  at  each  entrance  should 
effectively  prevent  large  debris  from  entering  the  channel,  most  of  the  smaller  floating  debris  entrained  in 
the  flow  entering  the  SBC  entrances  will  pass  into  the  channel.  Since  most  of  this  flow  passes  through 
the  dewatering  screens  (only  a  relatively  small  portion  is  carried  as  transport  flow  to  the  juvenile 
facilities),  a  majority  of  the  smaller  debris  will  become  impinged  on  the  dewatering  screens.  Therefore, 
automated  mechanical  screen  cleaning  equipment  is  provided  for  all  dewatering  screen  sections. 
Development  of  an  effective  screen  cleaning  system  is  perhaps  one  of  the  more  significant  challenges  in 
the  development  of  all  SBC  systems  that  dewater  flow.  Not  only  must  the  system  be  effective  in 
cleaning,  it  must  be  reliable  over  periods  of  sustained  usage.  The  criticality  of  this  issue  is  so  great  that  a 
prototype  dewatering  facility  has  been  proposed  for  the  existing  prototype  SBC  channel  at  Lower  Granite. 
This  facility,  if  constructed,  would  include  many,  if  not  all,  of  the  cleaner  designs  described  below  with 
the  goal  of  assessing  effectiveness  and  reliability. 

The  challenge  associated  with  keeping  vertical  fish  screens  clear  of  debris  is  one  that  has  been  met  in 
several  different  ways  in  the  region.  In  general,  screen  cleaning  systems  fall  into  three  groups: 

•  brush  cleaner  systems  that  physically  remove  accumulated  debris  from  the  screen  face 

•  traveling  screen  systems  that  trap  accumulated  debris  on  a  vertically  moving  continuous  looped 
screen  belt  relying  on  water  flow  to  backwash  accumulated  debris  as  the  belt  passes  around  and 
back  into  the  flow  on  the  downstream  side 

•  water  or  air  backwash  systems  that  use  pressurized  jets  located  behind  the  screen  to  blow  debris 
off  the  screen  face  and  back  into  the  sweeping  flow  path  of  the  conduit. 

Each  of  these  types  of  systems  have  been  used  successfully  at  various  screening  facilities,  including 
several  operated  by  the  Corps.  The  challenge  of  adapting  these  types  of  cleaning  systems  to  the  SBC 
channel  is  primarily  a  problem  of  scale.  The  large  volume  of  water  being  screened  in  these  facilities  is  far 
beyond  any  typical  applications  and  in  many  ways,  stretches  existing  technologies  to  their  limits.  Not 
only  is  the  overall  area  of  screens  large,  but  the  depth  of  the  screens  below  the  water  surface  is  well 
beyond  where  most  standard  screen  cleaning  technologies  exist.  For  example,  commercially  available 
horizontally  sweeping  brush  cleaners,  common  on  many  shallower  screen  facilities  less  than  6.1  meters  to 
7.6  meters  (20  feet  to  25  feet)  deep,  are  of  questionable  feasibility  on  screens  that  might  extend  to  depths 
of  16.8  meters  (55  feet),  as  proposed,  because  of  the  extreme  length  of  the  brush  arm.  The  exception  to 
this  is  self-cleaning  traveling  screens  which  have  been  installed  at  screening  facilities  up  to  30.5  meters 
(100  feet)  deep.  Each  of  the  major  screen  types  will  be  discussed  briefly. 

Brush  Cleaners 

Brush  cleaning  systems  are  the  most  common.  A  stiff  (typically  nylon-type  plastic)  bristle  brush  is 
attached  to  a  steel  member  which  is  mobilized  in  a  sweeping  motion  across  the  face  of  the  screen. 
Vortices  around  the  bristles  are  thought  to  achieve  most  of  the  cleaning  action,  as  opposed  to  the  physical 
scraping  of  debris  off  the  face.  Impinged  material  is  moved  by  the  brush  along  face  of  the  screen  to  a 
remote  location  where  it  either  accumulates,  is  swept  downstream  by  the  sweeping  velocity  of  the  main 
conduit  flow,  or  is  pulled  from  the  flow  for  disposal.  Brushes  move  either  horizontally  or  vertically,  or  in 
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some  cases  in  wide  sweeping  circles.  When  bar  screen  material  is  used,  experience  suggests  that  brush 
motion  perpendicular  to  the  bar  screen  orientation  cleans  fibrous  material  (i.e.,  grass  or  straw)  more 
effectively  than  motion  parallel  to  the  bars.  Brush  cleaner  effectiveness  is  sensitive  to  screen  panel 
deviation  from  flatness,  requiring  relatively  close  tolerances  and  construction  oversight  of  panel 
installation.  The  main  components  of  brush  cleaners  are  drive  motors,  shafts  and  bearings,  cables  or 
chains,  tracks,  brushes,  brush  bars  and  framework. 

Vertical  brush  cleaning  systems  have  horizontally  oriented  brushes  moving  up  and/or  down  along  the  face 
of  the  screen.  Motion  is  often  achieved  by  pulling  the  brush  with  cables  or  chains  along  tracks.  The 
sliding  contact  of  the  bristles  with  the  screen  and  the  vortices  created  dislodges  debris.  The  ESBS  in  use 
at  many  of  the  Corps  projects  on  the  Snake  and  Columbia  rivers  (including  Lower  Granite)  utilize  this 
type  of  vertically  sweeping  brush  cleaner.  For  these  structures,  the  bar  sweeps  vertically  along  the  face  of 
the  screen  and  is  driven  by  a  chain  drive  system  recessed  in  the  support  structure  on  either  side.  Specific 
advantages  of  this  type  of  system  include  the  virtually  unlimited  depth  to  which  these  systems  could  be 
designed.  Stacks  of  3.66-meter  (12-foot)-wide  screen  panels,  with  a  depth  up  to  16.8  meters  (55  feet), 
fitted  with  a  single  vertically  sweeping  brush  bar  could  be  developed  for  use  on  the  SBC  channels.  In  the 
design  of  this  type  of  cleaner  for  the  SBC  channels,  the  cleaner  would  clean  in  an  upward  direction 
pushing  material  up  and  out  of  the  flow  where  a  spray  system  would  flush  the  material  to  the  downstream 
side  of  the  screen  and  out  of  the  channel  with  the  screened  flow.  A  cam  or  linkage  type  mechanism 
would  hold  the  bristles  against  the  screen  during  the  upward  movement,  and  hold  the  bristles  away  from 
the  screen  during  downward  travel.  To  cover  the  full  length  of  a  dewatering  screen  section,  a  series  of 
these  cleaners  would  be  employed,  each  dedicated  to  a  single  screen  panel  stack.  The  stored  position  of 
the  vertical  brush  cleaner  would  be  at  the  bottom  of  the  screen  panels  either  directly  in  the  flow  path  or  in 
a  shielded  enclosure.  The  removable  screen  panel  design  proposed  for  the  SBC  channels  would  enable 
the  entire  mechanical  system  for  the  cleaners  to  be  removed  for  maintenance  or  inspection  along  with  the 
stack  of  screens. 

Commercially  available  vertically  sweeping  brush  systems  have  been  developed  for  depths  up  to  21.3 
meters  (70  feet)  and  are  currently  in  use  at  facilities  in  Northern  California  [8].  Rather  than  being  integral 
to  each  screen  panel,  these  systems  use  a  track-mounted  dual-telescoping  boom  system  with  a  1.8-meter 
(6-foot)-wide  horizontal  brush  attached  at  the  bottom,  and  would  clean  the  screens  in  the  same  manner  by 
pulling  debris  up  and  over  the  top  of  screen  stacks.  Cleaning  would  progress  down  the  wall  of  screens 
stopping  every  1 .8  meters  (6  feet)  for  the  entire  length  of  the  screens.  Budgetary  pricing  for  a  machine 
like  this  mounted  on  a  22.9-meter  (75-foot)-long  track  would  be  about  $250,000,  Depending  on  the  rate 
of  cleaning  required,  one  or  more  machines  might  be  required  for  each  wall  of  screens. 

The  ability  to  remove  debris  from  the  flow  path  is  a  significant  advantage  for  the  vertical  brush  cleaners,  a 
consideration  that  will  lead  to  lower  maintenance  costs  at  subsequent  dewatering  sections  further 
downstream,  pinch  points  within  the  conduit  where  the  debris  may  get  hung  up,  at  the  juvenile  fish 
galleiy  downwell,  and  at  the  downstream  juvenile  facilities. 

For  vertically  sweeping  cleaners,  there  is  some  concern  about  the  trapping  offish  above  the  bar  during  the 
upward  sweeping  motion.  Whether  this  is  a  real  or  perceived  problem  should  be  investigated  in  a 
prototype  dewatering  facility. 

Horizontal  brush  cleaner  systems,  on  the  other  hand,  have  long,  vertically  oriented  brushes  attached  to 
steel  (or  aluminum)  arms  that  are  swept  horizontally  along  the  face  of  the  screens  with  the  current,  then 
pulled  out  of  the  water  (or  simply  away  from  the  screen  face)  to  reset  for  another  pass  or  for  storage.  This 
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is  a  fairly  standard  design  which  offers  the  advantage  of  a  history  of  reliable  service  and  can  be 
characterized  as  proven  technology  in  these  applications.  However,  no  standard  applications  of  this 
technology  could  be  found  in  a  review  of  regional  screening  facilities  for  applications  as  deep  as  those 
proposed  in  this  report.  Commercially  available  cleaners  of  this  type  have  been  developed  for  screens  up 
to  6.1  meters  to  7.6  meters  (20  feet  to  25  feet)  deep.  Because  these  cleaners  rely  on  a  rigid  vertical  arm  to 
support  the  brushes,  there  is  a  practical  limit  to  the  length  (depth)  that  these  cleaners  could  be  designed 
considering  spatial  and  functional  requirements  (e.g.,  their  presence  in  the  flow  path  across  the  entire 
height  of  the  screens,  the  sloping  bottoms  of  many  of  the  proposed  designs,  as  well  as  the  overall  size  of 
the  vertical  arm).  For  screens  located  at  shallower,  constant  depth  (or  mildly  sloped)  floors,  this  type  of 
system  is  convenient  since  a  single  brush  mounted  on  a  motorized  or  cable  trolley  located  on  a  track  at  the 
top  of  the  screens  could  clean  a  relatively  long  section  of  screen,  perhaps  limited  only  by  the  cleaning 
cycle  requirements  for  the  screens.  Unlike  the  vertical  brush  systems,  this  cleaning  method  does  not 
remove  the  debris  from  the  conduit  at  the  point  of  cleaning,  rather  it  pushes  the  debris  downstream. 
Therefore,  horizontally  sweeping  brushes  are  typically  used  in  applications  where  the  fish  and  flow  would 
be  swept  directly  downstream  to  the  tailrace  with  the  debris.  However,  in  this  application  the  debris 
would  be  swept  further  down  the  channel,  and  ultimately  into  the  juvenile  gallery,  where  it  will  need  to  be 
dealt  with  again,  possibly  multiple  times. 

Commercial  application  of  horizontally  sweeping  brush  cleaners  for  screen  depths  over  7.6  meters  (25 
feet)  are  rare  at  best.  Discussions  with  manufacturers  of  this  equipment  indicate  that  while  technically 
feasible,  there  is  a  question  about  the  economic  justification  of  doing  so,  noting  that  a  vertically  sweeping 
system  (as  described  above)  could  be  constructed  at  a  lesser  cost. 

Traveling  Screens 

Traveling  screens  are  utilized  widely  in  the  screening  of  water  to  divert  fish  and  debris.  The  Corps 
utilized  traveling  screen  technology  in  the  development  of  their  STS  used  in  turbine  intakes  along  the 
Snake  and  Columbia  Rivers.  These  applications  are  complicated  by  the  fact  that  the  drive  machinery  is 
submerged.  Conventional  traveling  screens,  with  the  drive  machinery  in  the  dry,  are  currently  used  at 
McNary  Lock  and  Dam  to  screen  the  fish  ladder  water  supply  on  the  south  side  of  the  project  [9].  The 
basic  premise  is  that  the  screen  face  material  is  a  continuous  belt  and  debris  caught  on  the  upstream  face 
of  the  screen  will  travel  on  this  belt  to  be  flushed  off  with  a  spray  system,  or  as  proposed  for  this  project, 
around  to  the  reverse  side  where  it  will  be  flushed  off  by  the  action  of  the  water  moving  through  the 
screen.  In  this  sense,  they  are  self-cleaning.  A  motor  drives  the  belt  which  in  the  case  of  the  STS  systems 
was  a  flexible  plastic  mesh,  while  in  other  applications  it  is  a  series  of  rigid  screen  panels  connected  by 
pivots  into  a  chain.  Sprockets  at  the  top  and  bottom  turn  the  screen  over  backwards  to  the  water  flow.  In 
most  applications  the  screen  travels  continuously.  Main  components  of  the  system  are:  drive  motor, 
shafts  and  bearings,  chains,  tracks,  screen  belt  and  framework. 

From  a  mechanical  perspective,  the  application  of  traveling  screens  for  the  SBC  channel  is  a  relatively 
direct  one.  Commercially  available  screens  are  currently  fabricated  for  depths  up  to  30.5  meters  (100 
feet)  [10].  Screens  up  to  24.4  meters  (80  feet)  deep  are  currently  in  use  on  the  Ohio  and  Mississippi 
Rivers.  Widths  up  to  4.57  meters  (15  feet)  are  common,  however,  widths  of  about  3.05  meters  (10  feet) 
are  most  economical.  Typical  screen  material  for  applications  utilizing  rigid  panels  is  wire  mesh,  but 
other  materials  such  as  profile  bar  screen  or  perforated  plate  could  likely  be  adapted  with  some  level  of 
design  modification.  Traveling  screen  systems  are  manufactured  in  individual,  self-contained  units  and 
can  be  removed  completely  if  desired.  Normal  maintenance  occurs  from  the  deck  level  where  most  of  the 
mechanical  drive  systems  are  located.  While  the  typical  screen  is  a  low-head  design,  a  head  loss 
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component  generating  the  desired  0.3 1  meter  to  0.46  meter  (1  foot  to  1.5  feet)  of  head  loss  (see  Section 
5.  LI)  could  be  incorporated  into  the  screen  through  the  use  of  a  low  porosity  center  plate. 

Considerable  initial  cost  is  a  consideration  for  vertical  traveling  screens  and  perhaps  represents  its  greatest 
disadvantage.  Budgetary  pricing  for  a  conventional  3.05-meter  by  21.3-meter  (10-foot  by  70-foot)  screen 
is  about  $150,000,  or  over  $2, 150/m  ($200/fL).  Modifications  to  substitute  stainless  steel  bar  screen  for 
the  standard  wire  mesh  panels  (if  desired)  and  add  the  low  porosity  center  plate  would  drive  costs  up 
considerably.  These  costs  are  considerably  in  excess  of  the  estimated  costs  for  a  vertical  brush  system. 
Periodic  overhauling  of  these  screens  would  be  required  (typically  after  10  to  15  years  of  service)  and  the 
annualized  cost  for  this  maintenance  is  considerable.  Traveling  screens  also  require  the  most  machinery 
of  the  various  cleaner  types  and  are  typically  quite  heavy  with  larger  units  weighing  as  much  as  18,200 
kilograms  (40,000  pounds).  A  traveling  screen  system  offers  maintenance  advantages  in  that  the  entire 
system  can  be  removed  as  a  unit  and  worked  on  out  of  the  water  or  replaced  as  a  unit.  Also,  if  spare 
traveling  screen  units  were  purchased  and  lengths  of  screens  were  standardized,  screens  requiring 
maintenance  could  be  removed  and  spare  units  installed  without  taking  entire  dewatering  screen  sections 
down  for  extended  maintenance  periods.  The  ability  to  visually  inspect  the  screen  as  it  clears  the  w  ater 
surface  w?ould  be  a  significant  maintenance  advantage  to  verify  that  screens  are  operating  successfully  and 
are  not  damaged. 

Backwash  Systems 

Backwash  cleaning  systems  use  pressurized  jets  of  water  or  air  to  dislodge  debris.  The  nozzles  are  aimed 
upstream  at  the  downstream  (back)  side  of  the  screen.  Typically,  the  nozzles  would  be  mounted  on  bars 
which  travel  in  a  circular  or  linear  motion  across  the  back  face  of  the  screen.  Circular  motion  nozzle  bars 
are  often  self-propelled.  Linear  motion  nozzle  bars  require  a  drive  system.  These  systems  require  a 
supply  of  pressurized  water  or  air  and  plumbing  to  get  it  to  the  nozzles.  The  main  system  components 
are:  pumps,  piping,  motion  actuators,  and  motion  beatings. 

Backwash  systems  are  typically  applied  in  facilities  with  high  sweeping  velocities  and  where  conduit 
geometry  precludes  the  use  of  brush  systems.  The  high  sweeping  velocities  are  required  to  keep  debris 
from  reattaching  to  the  screen  face  after  being  blown  off.  For  the  relatively  low  conduit  velocities  found 
in  the  SBC  channels,  appropriate  sweeping  velocities  may  not  be  achievable  to  accomplish  effective 
screen  cleaning.  Additionally,  since  the  proposed  design  of  the  dewatering  panels  introduces  a  multi¬ 
layer  porosity  control  (porosity  is  controlled  by  both  the  upstream  screen  and,  to  a  much  larger  degree,  the 
low-porosity  downstream  plate),  a  backwash  system  for  these  panels  would  require  a  fixed  piping  system 
integrated  into  the  screen  panels  (i.e.,  upstream  of  the  low-porosity  back  plate).  Fixed  spray  systems  are 
typically  uneconomical  on  large  screens  due  to  the  large  amount  of  flow  required  and  the  complex  piping, 
valving  and  control  systems  required.  The  removable  sandwich  panel  screens  proposed  in  this  study 
would  be  particularly  difficult  to  plumb  and  connect  for  the  moving  parts  of  the  backwash  system. 
Additionally,  a  complication  with  a  backwash  system  for  an  application  this  large  is  that  quite  a  few 
nozzles  could  plug  and  become  ineffective  before  a  noticeable  reduction  in  the  total  spray  flow  would  be 
detected.  This  could  present  an  on-going  maintenance  problem. 

Like  the  horizontal  brush  systems  described  earlier,  backwash  systems  leave  all  of  the  debris  in  the  fish 
conduit,  however,  they  do  have  the  advantage  of  not  putting  any  structural  features  in  the  path  of  the  fish. 
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Proposed  Screen  Cleaning  System 

Based  on  the  cost,  maintenance  and  operational  advantages  discussed  above,  vertical  brush  bar  cleaners 
are  proposed  for  Type  1  SBC  channel.  This  approach  would  also  be  used  for  the  Type  3  SBC  channel 
described  in  Section  8.  The  brush  bar  would  be  guided  vertically  in  tracks  incorporated  into  guide  frame, 
with  the  drive  machinery  located  at  the  top  of  the  screen  panel  stack.  Each  screen  stack  would  have  an 
individual  brush  bar,  drive  motor  and  guide  frame. 

The  screen  layout  depicted  on  Plate  1.1.2  (and  described  in  Section  5.1.1)  is  based  on  the  initial  hydraulic 
analysis  to  fulfill  the  design  requirements  and  represents  one  of  many  possible  arrangements.  Actual 
screen  panel  widths  and  stack  heights  would  be  determined  during  final  design  based  on  a  number  of 
factors,  including  the  most  economical  structural  size  for  the  panels  and  requirements  of  the  cleaning 
equipment.  For  the  purpose  estimating  the  complexity  and  cost  of  a  vertical  sweeping  brush  bar  system  it 
was  felt  that  use  of  individual  brush  bars  as  long  as  7.32  meters  (24  feet)  was  not  a  sufficiently 
conservative  assumption  in  the  absence  of  more  detailed  design  and  layout.  Therefore,  rather  than  the  six 
screen  stacks  shown  it  is  conservatively  assumed  that  ten  separate  brush  bar  cleaners  would  be  required 
for  each  of  the  three  primary  dewatering  sections.  This  would  be  accomplished  with  screen  stack  widths 
and  brush  bar  lengths  of  approximately  3.66  meters  (12  feet).  The  common  secondary  dewatering  section 
is  15.24  meters  (50  feet)  long  with  screens  on  both  sides.  This  secondary  screen  cleaning  could  be 
accomplished  with  eight  3.81-meter  (12.5-foot)-wide  bars,  or  ten  3.05-meter  (lO-foot)-wide  bars.  It  is 
conservatively  assumed  for  cost  estimating  that  this  section  would  utilize  ten  individual  bar  cleaners  (five 
on  each  side).  This  results  in  a  requirement  for  the  Type  1  channel  of  40  individual  brush  bar  cleaners 
and  frames. 

The  brush  bars  would  be  stored  at  the  bottom  of  the  screen  stacks  when  not  in  use  to  prevent  debris  from 
building  up  below  the  brush  and  being  pushed  down  when  the  cleaner  is  deployed.  The  screen  panels 
would  be  designed  in  sections  to  allow  removal  with  existing  cranes  at  the  project.  The  cleaner  itself 
would  be  comprised  of  a  separate  frame  which  again  could  be  removable  for  maintenance  of  the 
mechanical  systems.  A  spare  cleaner  frame  could  be  installed  in  this  event  to  allow  for  continued  use,  or 
more  cost-effectively  a  temporary  bulkhead  could  be  placed  in  the  screen  guides  to  allow  for  continued 
operation  at  a  slightly  reduced  entrance  flow.  A  discussion  of  the  characteristics  of  this  type  of  cleaner  is 
presented  earlier  in  this  section.  A  sketch  of  a  conceptual  design  for  this  cleaner  is  included  in 
Attachment  A. 

Water  Control  Gates 

The  primary  water  flow  control  gate  for  the  Type  1  SBC  channel  is  the  existing  Tainter  gate  at  Spillbay  1. 
Although  there  are  no  modifications  proposed  for  the  Tainter  gate  structure,  unless  final  design  analysis 
dictates  minor  structural  upgrades,  modifications  would  be  required  to  the  control  system  for  the  gate  to 
ensure  that  proper  flow  rate  and  differential  head  are  maintained  in  the  system.  Specific  control 
requirements  for  the  system  are  described  in  Section  5.1.4. 

Control  of  the  water  surfaces  and  transport  flow  rates  in  the  fish  conduits  would  be  accomplished  with 
tilting  weir  gates  located  downstream  of  the  primary  dewatering  sections  and  just  prior  to  the  flow 
entering  the  powerhouse  at  the  fixed  caisson.  The  weir  gates  would  be  designed  with  a  sloping  follower 
plate  on  the  upstream  side  of  the  weir  (see  Section  D  on  Plate  1.1.4  and  Section  B  on  Plate  1.1.2).  Very 
little  adjustment  should  be  required  on  these  gates  since  the  design  discharge  would  be  constant  and  the 
water  depth  inside  the  conduits  should  not  vary  significantly.  However,  unanticipated  problems,  such  as  a 
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piece  of  debris  lodged  in  the  conduit,  could  alter  the  water  level  quickly  and  significantly.  To  maintain 
the  design  flow  rates  it  is  proposed  that  the  weirs  be  adjustable  to  maintain  a  pre-set  depth  over  the  weir 
crest.  The  adjustment  could  possibly  be  automated  to  prevent  a  problem  from  going  unnoticed  for  a 
significant  period  of  time. 

Debris  Management  Systems 
SBC  Entrance  Racks 

From  late  winter  to  mid  spring,  large  releases  of  debris  material  may  be  collected  at  the  dam.  These 
events  last  between  a  few  days  to  a  week.  During  these  events  small  and  large  debris  may  bypass  the 
trash  shear  boom  and  collect  at  the  entrances  of  the  SBC  channel.  To  prevent  the  larger  material  (which 
could  plug  the  conduits)  from  entering  the  SBC,  there  will  be  a  steel  trash  rack  at  each  of  the  SBC 
entrances.  Periodically  there  will  be  enough  accumulation  of  debris  on  these  racks  that  removal  of  the 
debris  becomes  imperative.  Use  of  a  mechanical  trash  rake  is  proposed  for  removing  debris  from  the 
trash  racks. 

The  design  criteria  for  the  SBC  entrance  trash  rakes  would  include  the  following  minimum  requirements: 

•  All  components  must  be  capable  of  cleaning  a  semi-circular  trash  rack  with  a  radius  of 
6.07  meters  (20  feet)  and  a  depth  of  21.3  meters  (70  feet).  This  will  require  the  trash  rake  to 
boom  out  at  its  furthest  point  6.07  meters  (20  feet)  beyond  the  SBC  structure. 

•  All  components  must  be  capable  of  operating  in  extreme  weather  conditions. 

•  Each  system  must  lend  itself  to  integration  with  a  debris  removal  system, 

•  All  components  must  be  adequately  protected  against  corrosion. 

•  If  hydraulic  machinery  is  included,  environmentally  safe  fluid  must  be  used. 

•  If  the  collection  of  debris  requires  the  removal  of  large  material,  extraordinary  measures  should 
not  be  needed. 

Development  of  a  trash  rake  system  for  the  SBC  entrance  racks  was  determined  to  be  most  efficient  by 
mvestigation  and  adaptation  of  the  relatively  large  number  of  commercial  systems  available.  There  are  a 
number  of  different  types  of  trash  rakes  currently  available  on  the  market.  Most  of  these  mechanisms  fall 
into  thiee  main  categories.  The  first  is  the  boom  type.  One  or  more  booms  have  a  scraping  device 
attached  to  one  end.  This  end  is  lowered  into  the  water  and  dragged  along  the  trash  rack  dislodging  the 
debris  pulling  it  topside  with  the  scraper.  Some  booms  are  articulated!  and  others  rigid  or  telescopic. 
Relatively  large  forces  will  be  exerted  against  the  rack  by  the  cleaning  action.  The  second  type  would  be 
a  scraper  or  bucket  suspended  with  cables.  The  bucket  is  hoisted  topside  with  the  debris  and  deposited  on 
the  deck.  The  bucket  will  exert  relatively  small  forces  on  the  rack.  The  last  type  would  be  the  continuous 
belt  scraper.  Scrapers  are  attached  to  a  flexible  link  chain.  Driven  by  sprockets,  the  chains  form  a 
continuous  loop.  This  type  of  machine  is  generally  used  with  lighter  loads  and  smaller  material.  In  all, 
ten  different  trash  rake  manufacturers  were  consulted  about  this  project,  with  only  two  exceptions,  all 
declined  to  recommend  their  product  for  this  application.  The  most  cited  reason  was  the  difficulty  in 
cleaning  such  a  large  semi-circular  trash  rack.  The  remaining  two  suppliers  will  require  extensive 
modifications  to  their  products  to  meet  the  design  criteria.  Although  the  equipment  should  be  fairly 
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reliable,  since  it  will  be  developed  specifically  for  this  application,  it  should  be  assumed  that  the 
development  cost  and  lead  time  for  delivery  would  be  greater  than  for  a  typical  flat  trash  rack. 

The  recommended  trash  rake  for  this  application  would  feature  a  telescoping  boom  as  depicted  on  Plate 
1.1.4.  Machines  such  as  this  are  available  but  would  need  to  undergo  modification,  either  by  the  supplier 
or  another  company,  to  meet  the  specific  requirements  of  this  installation.  One  of  the  modifications 
needed  would  add  to  the  machine  the  ability  to  rotate  about  a  vertical  axis.  There  are  two  possible 
mounting  arrangements  which  could  be  used  in  this  application.  The  first  would  be  a  dedicated  fixed 
machine  at  each  of  the  SBC  entrances.  The  second  approach  would  be  a  single  rail  mounted  traveling 
trash  rake  capable  of  cleaning  all  three  entrances.  The  traveling  rake  is  the  selected  approach  for  the  Type 
1  channel.  The  first  approach  would  be  less  complex  than  the  rail  mounted  traveling  version,  however  it 
has  the  disadvantage  of  being  more  expensive  overall  (due  to  the  number  of  units).  The  disadvantage  of 
the  second  approach  is  that  it  requires  a  more  complex  and  heavy  machine,  including  rails  and  an 
additional  drive  motor  for  travel.  A  budgetary  estimate  for  the  fixed  location  machines  is  $482,000  each, 
while  the  rail  mounted  version  would  be  approximately  $659,000.  The  nominal  lifting  capacity  of  the 
machine  would  be  1,130  kilograms  (2,500  pounds). 

Once  the  debris  has  been  removed  from  the  rack,  a  means  to  transport  the  material  to  a  convenient 
location  for  loading  onto  trucks  for  disposal  must  be  provided.  There  are  a  number  of  different  concepts 
which  may  be  utilized  for  this  task.  Most  have  significant  technological  or  financial  drawbacks. 

Concepts  considered  included:  a  continuous  belt  or  drag  conveyor,  loading  of  the  material  directly  from 
the  rake  into  dumpsters  which  would  be  then  transported  by  crane,  and  loading  of  material  into  a  rail  car 
(muck  car).  The  conveyor  belt  approach  will  not  be  feasible  for  this  application  due  in  large  part  to  the 
inability  of  a  reasonably  sized  conveyor  to  handle  large  pieces  of  material,  large  logs  for  example. 
Additionally,  the  conveyor  would  need  to  be  located  on  top  of  the  channel,  since  the  rake  rails  will 
already  be  occupying  the  top  of  the  upstream  flotation  cells.  In  this  location  the  conveyor  would  be 
blocking  access  to  critical  channel  components  like  the  dewatering  screens.  The  second  option  is 
impractical  because  of  the  required  crane  boom  length.  A  rail  mounted  muck  car  is  the  recommended 
method  for  disposal  of  debris.  The  muck  car  would  have  a  nominal  capacity  of  approximately  4,530 
kilograms  (5.0  tons)  and  would  travel  on  the  same  rails  as  the  rake.  The  muck  car  would  use  a  car  puller 
to  transport  the  car  along  the  length  of  the  SBC.  A  new  small  mobile  crane  or  boom  truck  would  be 
procured  to  pick  up  the  car  and  dump  the  contents  into  a  truck. 

Fish  Gallery  Downwell  Debris  Skimmer 

The  configuration  of  the  existing  juvenile  fish  gallery  downwell  inside  the  erection  bay  of  the  powerhouse 
at  Lower  Granite  presents  a  potential  floating  debris  accumulation  area.  The  cumulative  effect  of  the 
floating  debris  being  trapped  in  this  area  could  result  in  restriction  of  the  downwell  area  hydraulics  and 
injury  to  fish  as  they  pass  through.  Because  the  issue  of  primary  interest  is  the  floating  material  (the 
entrained  material  will  be  passed  downstream  to  the  juvenile  facilities),  a  surface  skimmer  system  has 
been  developed  which  will  rake  the  surface  of  the  downwell  area,  depositing  the  material  in  a  debris 
hopper  for  eventual  removal  by  use  of  the  small  crane  or  boom  truck  previously  mentioned  (see 
Plate  1.1.4). 

Due  to  the  unique  configurational  constraints  of  the  installation,  it  is  anticipated  that  any  commercially 
available  rake  systems  would  likely  require  extensive  modifications.  More  realistically,  a  unique  design 
would  be  developed.  As  configured,  the  proposed  system  would  operate  with  a  system  of  drive  chains 
and  rails  and  would  likely  be  automated  to  a  timed  cleaning  cycle.  Because  the  debris  encountered  in  this 
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area  would  be  “pre-screened”  by  the  entrance  racks  and  the  majority  of  the  debris  accumulated  on  the 
dewatering  screens  would  be  lifted  out  of  the  conduit,  the  magnitude  of  the  mechanical  systems  would  be 
modest.  Chain  driven  screen  cleaner  systems  currently  employed  in  many  juvenile  facility  dewatering 
systems  (e.g.,  Little  Goose  juvenile  facilities  primary  dewatering  screens)  are  similar  in  nature  and  these 
technologies  could  be  adapted  for  the  debris  skimmer  system. 

It  is  possible  that  in  the  future  redevelopment  of  the  fish  gallery  at  Lower  Granite  will  eliminate  the 
downwell  resulting  in  an  open  channel  system.  In  this  case,  the  debris  skimmer  would  not  be  required 
since  the  debris  would  simply  flush  down  the  system  on  the  open  water  surface.  This  is  similar  to  the 
existing  gallery  design  at  Little  Goose  and  Lower  Monumental.  If  this  redevelopment  were  to  occur,  the 
debris  skimmer  system  could  be  removed  if  it  were  not  required,  or  it  could  be  moved  to  a  new  location 
downstream  at  the  fish  handling  facilities. 

Hoist  Systems 

To  facilitate  the  operation  and  maintenance  of  a  number  of  components  and  systems  on  the  SBC  channel 
and  the  SES,  hoisting  systems  must  be  provided.  The  major  hoisting  issues  are: 

•  Installing  and  removing  bulkhead  panels  on  the  SES  at  Spillbay  1 

•  Installing  and  removing  screen  panels  for  maintenance  purposes  at  the  SBC  channel 

•  Installing  and  removing  isolation  bulkhead  panels  both  upstream  and  downstream  of  the  primary 
dewatering  screens  inside  the  fish  conduits 

•  dumping  of  the  debris  hopper  for  the  debris  skimmer  located  at  the  erection  bay 

•  dumping  of  the  debris  hopper  on  the  muck  car  for  the  entrance  debris  rake  system. 

The  hoisting  strategies  for  each  of  these  items  ranges  from  independent,  dedicated  systems,  to  a  general 
hoist  for  all  lifting  needs,  A  general  approach  to  hoisting  would  be  the  use  of  a  mobile  crane  which  could 
access  all  the  items.  The  appropriateness  of  this  type  of  strategy  involves  an  assessment  of  the  distance 
from  the  crane  to  the  load,  the  weight  of  the  load,  and  the  functionality  of  the  application.  At  Lower 
Granite,  the  Corps  currently  has  a  50-tonne  (55-ton),  4-section  hydraulic  boom  crane  which  is  located  at 
the  project  [1 1],  The  crane  is  currently  derated  to  32  tonnes  (35  tons)  but  conversion  back  to  its  rated 
capacity  is  possible.  On  its  outriggers  (manual  sections  extended),  the  crane  has  the  following  capacities 
in  its  50-tonne  (55-ton)  configuration: 


Load  Radius 

12.2  m  (40  ft) 

15.2  m  (50  ft) 

18.3  m  (60  ft) 

21.3  m  (70  ft) 

24.4  m  (80  ft) 


Boom  Length 
32.0  m  (105  ft) 
32.0  m  (105  ft) 
32.0  m  (105  ft) 
32.0  m  (105  ft) 
32.0  m  (105  ft) 


Capacity  (Sidel 
7,394  kg  (16,300  lb) 
6,078  kg  (13,400  lb) 
4,536  kg  (10,000  lb) 
3,221  kg  (7,100  lb) 
2,268  kg  (5,000  lb) 


Thus,  if  this  existing  crane  were  utilized,  the  design  of  lifted  items  would  be  limited  by  this  configuration. 
In  the  following  discussion  of  hoisting  equipment  for  Lower  Granite,  reference  to  the  ‘existing’  crane 
assumes  the  above  crane  capacities.  In  lieu  of  using  the  existing  crane,  a  new,  larger  capacity  crane  could 
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be  procured  that  would  significantly  increase  the  lifted  load  capacity,  thereby  gaining  some  design  and 
operational  flexibility  (larger,  heavier  items  could  be  lifted  at  one  time).  A  1 8 1  -tonne  (200-ton)  mobile 
crane  (Link-Belt  Model  HC-248H)  would  increase  the  lifted  load  capacity  at  the  24.4-meter  (80-foot) 
distance  to  18,688  kilograms  (41,200  pounds)  or  roughly  8  times.  At  a  distance  of  1 8.3  meters  (60  feet), 
this  crane  would  have  a  lifting  capacity  of  27,352  kilograms  (60,300  pounds)  or  roughly  6  times  the 
capacity  of  the  existing  crane  at  that  distance.  A  budgetary  price  for  this  crane  would  be  around  $2  million 
[12].  This  represents  a  major  cost  item  and  the  increased  operational  flexibility  would  have  to  justify  this 
substantial  cost.  Each  one  of  the  lifting  issues  identified  above  will  be  discussed  briefly  as  follows: 

SES  Bulkhead  Panels 

The  bulkhead  panels  at  the  SES  make  up  the  upstream  wall  of  the  SES.  They  are  removable  to  allow 
Spillbay  1  to  pass  its  full  design  flood  flow  of  3,010  m3/s  (106.3  kefs).  The  decision  to  pull  these  panels 
would  be  based  on  the  predicted  hydraulic  capacity  requirements  of  the  project  during  a  flood  event.  If  the 
discharge  capabilities  of  Spillbay  1  were  not  required  to  meet  discharge  requirements  for  the  project,  the 
panels  would  not  be  removed.  Because  the  maximum  discharge  of  record  at  the  project  was  roughly  half 
the  total  spillway  design  capacity,  the  frequency  of  the  removal  these  panels  would  likely  be  very  small. 
Nonetheless,  a  plan  for  removing  them  must  be  developed  and  must  be  in  place  as  part  of  the  emergency 
action  plan  for  the  project.  Based  on  preliminary  calculations  for  the  bulkhead  panels,  the  panels  would 
weigh  about  1,066  kilograms  (2,350  pounds)  per  vertical  foot  of  panel.  The  center  of  load  is  located 
approximately  1 8.3  meters  (60  feet)  from  the  crane  location  on  the  central  non-overflow  section. 

Placement  of  the  crane  on  the  spillway  bridge  deck  is  not  recommended  due  to  possible  deck  overload 
under  the  outriggers.  Based  on  this  load  and  distance,  individual  1.07  meters  (3.5  feet)  tall  by  19.5  meters 
(64  feet)  long  panels  could  be  lifted  with  the  existing  crane.  A  specially  designed  lifting  beam  would  be 
required  to  grab  the  panels  underwater  and  is  included  in  the  lifted  weight.  About  25  panels  would  be 
required  for  the  26.8-meter  (88-foot)  tall  opening.  Using  a  181-tonne  (200-ton)  crane,  the  individual 
panels  could  be  about  7.3  meters  (24  feet)  tall  reducing  the  number  of  panels  dramatically.  Alternatively,  a 
dedicated  bridge  crane  could  be  developed  for  the  SES  which  would  run  along  the  top  walls  of  the 
structure.  The  crane  would  lift  short  panels  and  store  them  on  the  tops  of  the  wall  straddling  the  well  area 
of  the  SES.  This  seems  rather  an  extravagant  design  and  an  unnecessary  expense  for  the  infrequent  use 
anticipated.  For  the  SES,  the  use  of  the  existing  crane  is  recommended,  unless  other  project  requirements 
would  justify  the  purchase  of  a  new  larger  crane  which  could  then  also  be  used  for  the  SES. 

SBC  Channel  Screens  and  Emergency  Isolation  Bulkhead  Panels 

The  dewatering  screens  for  the  SBC  channel  are  proposed  as  removable  for  the  purpose  of  maintenance 
and  inspection.  The  proposed  screen  system  consists  of  a  series  of  vertical  brush  bar  cleaner  frames  each 
containing  a  stack  of  bar  screen  panels.  Like  the  SES  bulkhead  panels,  these  panels  can  be  sized  to  match 
the  equipment  available  for  lifting  them.  The  screens  are  located  at  a  maximum  of  1 8.3  meters  (60  feet) 
from  the  nearest  lifting  point  on  the  powerhouse  intake  deck;  therefore,  the  existing  crane  could  be  used 
but  the  screen  panels  would  have  to  be  sized  appropriately.  Based  on  an  assumed  screen  panel  width  of 
3.66  meters  (12  feet)  and  a  unit  weight  of  170  kg/m2  (35  lb/ft2),  panels  as  tall  as  6.1  meters  (20  feet)  could 
be  lifted  with  the  existing  crane.  As  with  the  SES  bulkhead  panels,  a  special  lifting  beam  would  be 
designed  to  grab  individual  panels  underwater.  If  a  new,  larger  crane  were  specified,  the  entire  screen 
panel  stack  could  be  lifted,  eliminating  the  need  for  the  special  lifting  beam  and  any  complications 
associated  with  its  use.  Since  there  are  a  number  of  stacks  of  these  screens,  the  savings  in  retrieval  time 
could  be  substantial. 
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The  emergency  isolation  panels  would  likewise  be  sized  for  the  distance  to  the  load  (about  the  same). 

The  number  of  panels  would  be  governed  by  the  crane  capacity  and  the  unit  weight  of  the  panels.  A 
special  lifting  beam  would  be  required  if  underwater  picks  are  necessary. 

Fish  Gallery  Debris  Hopper  and  Entrance  Rake  Muck  Car 

Both  of  these  loads  are  associated  with  debris  removal.  Thus,  their  frequency  of  use  is  anticipated  to  be 
much  greater  than  for  the  other  items  described.  For  this  reason,  the  appropriateness  of  the  lifting  system, 
the  ease  of  use,  and  the  flexibility  of  the  system  is  much  more  critical.  The  debris  hopper  at  the  erection 
bay,  as  depicted  on  Plate  1.1.4,  is  close  to  the  concrete  deck  of  the  erection  bay.  Thus,  the  lifting 
requirements  for  this  load  are  much  simplified  and  could  be  accomplished  by  a  substantially  smaller  crane 
than  the  existing  50-tonne  (55-ton)  crane.  However,  procurement  of  a  smaller  crane,  or  development  of  a 
separate  dedicated  lifting  system  would  be  a  matter  of  operational  flexibility.  Since  the  debris  load 
anticipated  may  require  daily  (or  more  frequent)  emptying  of  the  hopper,  a  crane  would  be  required  for 
this  task  on  a  long-term  basis.  Depending  on  other  competing  crane  needs,  this  might  create  an 
operational  conflict  at  the  project.  Alternatives  to  the  use  of  the  existing  crane  include  procurement  of  a 
smaller  crane  or  development  of  a  dedicated  hoisting  system.  For  the  purposes  of  this  study,  it  is  assumed 
that  a  smaller  4.5-  to  9.1-tonne  (5-  to  10-ton)  boom  truck  or  all  terrain  crane  would  be  procured.  This 
would  optimize  the  operational  flexibility  at  the  project.  The  crane  would  have  to  pick  the  hopper  load 
and  carry  it  over  the  deck  to  allow  dumping  into  an  awaiting  truck  for  disposal. 

The  issues  associated  with  emptying  the  entrance  rake  muck  car  are  much  the  same.  It  is  assumed  that  the 
rail  system  for  the  car  would  carry  the  car  to  a  point  near  the  intake  deck  so  that  a  crane  could  hoist  the 
hopper  to  an  awaiting  truck  for  dumping.  For  this  study,  the  same  (new)  smaller  crane  is  proposed  for 
this  task. 

Summary  of  Proposed  Hoist  Systems  Type  1  Channel  at  Lower  Granite: 

For  cost  estimating  and  maintenance  discussions  below,  it  is  assumed  that  the  existing  50-tonne  (55-ton) 
crane  at  Lower  Granite  will  be  the  hoisting  system  for  the  infrequent  hoisting  requirements  associated 
with  the  SES  bulkhead  panels,  the  channel  dewatering  screens,  and  the  conduit  isolation  panels.  This  will 
require  that  these  items  be  fabricated  to  sizes  which  can  be  lifted  by  this  crane  and  that  proper  equipment 
be  supplied  to  facilitate  picking  these  items  from  under  water.  A  new  smaller  boom  truck  with  a  capacity 
4.5  tonnes  to  9.1  tonnes  (5  tons  to  10  tons)  would  be  procured  for  the  on-going  debris  maintenance 
activities  at  the  debris  skimmer  and  for  the  entrance  rake  muck  car. 

5.1.4  Electrical  Requirements 

Primary  Power  Considerations 

Providing  electrical  power  to  the  motors,  lights  and  other  electrical  features  of  the  SBC  components 
involves  an  assessment  of  the  electrical  demands  for  the  system  components,  identification  of  an 
appropriate  power  source  for  the  required  load  (capacity  of  the  circuit  and  its  reliability),  and  the 
identification  of  a  feasible  method  of  routing  the  power  to  the  point  of  consumption. 

The  major  load  demand  for  the  Type  1  SBC  components  is  found  in  the  large  number  of  relatively  small 
motors  used  to  operate  the  screen  cleaners,  gate  actuators,  etc.  Larger  loads  can  be  found  on  the  trash 
rake  machine  and  muck  car.  Smaller  miscellaneous  loads  (receptacles,  walkway  lighting,  etc.)  make  up  a 
relatively  small  portion  of  the  total  loads  on  the  system. 
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Electrical  power  at  Lower  Granite  Dam  is  available  from  a  variety  of  sources.  Spare  480-volt,  3-phase 
circuits  are  present  at  both  the  east  and  the  west  end  of  the  navigation  lock  although  the  amperage  at  the 
breakers  are  rated  lower  than  the  anticipated  loads  for  this  system  and  thus  are  not  useful  for  the  purposes 
of  the  SBC  components.  Other  power  sources  include  tapping  into  existing  feeders  in  the  powerhouse 
area  itself.  Opportunities  exist  in  the  gate  seal  heater  room  at  the  central  non-overflow  section  where  an 
existing  4,160-volt  feeder  can  be  accessed,  or  in  the  valve  room  in  the  south  non-overflow  section  where 
a  similar  tie-in  to  a  4,160-volt  feeder  can  be  accomplished.  Since  typical  power  requirements  for  most  of 
the  significant  loads  are  3-phase,  480-volt,  a  transformer  would  typically  be  required  to  step  down  the 
voltage.  The  valve  room  appears  to  have  the  greatest  potential  for  development,  being  larger  than  the 
gate  seal  heater  room  [13].  The  valve  room  is  at  elevation  225.5  meters  (740.0  feet)  and  is  thus  relatively 
close  to  the  deck  elevation  of  elevation  228.9  meters  (75 1 .0  feet).  Coring  up  to  the  deck  to  route  power  to 
the  SBC  appears  to  be  feasible  from  this  area. 

Power  reliability  is  an  additional  concern  for  these  systems.  Power  at  the  dam  is  separated  into  critical 
and  noncritical  systems  with  electrical  loads  requiring  the  highest  degree  of  reliability  being  assigned  to 
noninterruptible  power  sources.  During  load  shedding  at  the  project,  the  noncritical  busses  are  typically 
shut  down  while  critical  busses  are  operated  on  emergency  power  sources.  It  is  anticipated  that  the  SBC 
facilities  will  typically  require  a  high  level  of  reliability  since  endangered  species  issues  are  involved. 
Shutdown  (even  temporarily)  of  the  SBC  system  due  to  electrical  power  outages  (or  any  other  reason)  is 
not  viewed  as  acceptable.  Thus,  in  general,  it  is  felt  that  the  SBC  components  will  require  a  tie-in  to  the 
critical  system  sources.  The  spare  circuits  at  the  east  end  of  the  navigation  lock  are  on  noncritical  busses 
making  them  less  attractive.  Spare  circuits  at  the  west  end  of  the  lock  are  on  critical  busses  and  thus  are 
candidates  as  power  sources.  The  4,160-volt  feeders  in  the  south  and  central  non-overflow  sections 
described  above  are  on  the  station  power  system  and  are  critical  system  sources.  These  make  attractive, 
accessible  sources  of  reliable  power. 

Extensive  electrical  cable  galleries  were  designed  originally  for  the  routing  of  electrical  power  cabling 
through  the  entire  length  of  the  dam.  For  this  reason,  the  routing  of  cabling,  either  from  the  non-overflow 
sections  or  from  the  navigation  lock  to  the  SBC  channel  area  is  not  seen  as  a  major  issue  for  these 
designs.  As  noted  earlier,  coring  of  concrete  to  reach  the  intake  deck  from  lower  areas  in  the  south  and 
central  non-overflow  sections  would  be  a  relatively  minor  design  and  construction  concern.  Routing  of 
the  power  to  the  floating  channel  from  the  fixed  intake  deck  would  require  a  flexible  cable  system 
involving  festooning  or  similar  support  method. 

Type  1  SBC  Electrical  Requirements  at  Lower  Granite 

For  the  Type  1  SBC  described,  the  total  electrical  load  is  approximately  440  amperes  at  480  volts 
alternating  current.  Calculations  for  estimated  electrical  loads  are  provided  in  Attachment  A.  This  load  is 
far  in  excess  of  the  available  spare  circuits  at  the  west  end  navigation  lock  switchgear.  Because  the  spare 
circuits  at  the  east  end  of  the  navigation  lock  are  noncritical  busses,  these  cannot  be  utilized  for  this 
purpose.  Rather,  it  appears  most  feasible  to  tie  into  the  existing  4,160-volt  feeder  in  the  valve  room  at  the 
south  non-overflow  section,  which  has  the  capacity  and  is  close  to  the  demand  location.  This  room  is  4.0 
meters  by  5.8  meters  (13  feet  by  19  feet)  and  should  be  sufficiently  sized  to  accommodate  the 
transformer,  primary  fused  switch  and  switchboard  required  to  serve  the  Type  1  SBC  electrical  loads. 

From  the  valve  room,  power  feeders  would  be  routed  through  the  concrete  deck  via  cored  holes  and  from 
there  to  the  floating  SBC  channel  and  electrical  loads  at  the  debris  skimmer  and  tilting  control  weir.  On 
the  SBC  channel,  the  feeders  are  routed  to  three  separate  motor  control  centers  which  serve  the  individual 
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electrical  demands  associated  with  each  of  the  three  internal  channel  fish  conduits  as  well  as  other 
miscellaneous  loads.  A  one-line  diagram  illustrating  the  electrical  loads,  power  sources  and  components 
for  Type  1  SBC  design  at  Lower  Granite  is  provided  on  Plate  1.1.6. 

Instrumentation  and  Controls 

Despite  the  apparent  complexity  of  the  facilities  associated  with  SBC  channel  design,  the  instrumentation 
and  controls  issues  are  seen  as  relatively  straightforward.  The  primary  issues  revolve  around  the 
monitoring  of  liquid  levels  in  the  channel  to  control  the  settings  of  water  control  gates.  Since  the  channel 
is  floating,  and  the  primaiy  control  gate  for  the  entire  system  is  the  Tainter  gate  at  Spillbay  1,  the  control 
system  design  would  be  relatively  simple.  Level  sensors  would  monitor  the  water  level  inside  and  outside 
of  the  SES  near  Spillbay  1,  with  a  sensor  located  in  the  forebay  and  one  inside  the  SES  well.  A 
programmable  logic  controller  (PLC)  would  control  the  Tainter  gate  based  on  input  from  the  level  sensor 
inside  the  SES  well.  A  rating  curve  would  be  used  to  define  the  required  opening  to  pass  the  design  flow 
for  any  given  head  on  the  gate.  The  gate  would  be  locked  out  at  a  maximum  opening  size  to  ensure  that 
excessive  pressures  on  the  channel  would  be  avoided.  Additionally,  if  the  difference  between  the  level 
sensors  inside  and  outside  the  SES  reveal  an  excessive  head  differential  the  Tainter  gate  would  close, 
either  partially  or  completely,  to  protect  the  channel  structure.  With  this  control  scenario,  the  design  flow 
would  be  maintained  at  all  times  unless  the  head  differential  became  excessive,  generally  indicating  dirty 
screens  or  entrance  racks.  One  concern  with  this  flow  control  approach  may  be  the  existing  Tainter  gate 
motor  and  gear  boxes.  It  is  likely  that  this  equipment  is  not  rated  for  continuous  modulating  control.  A 
review  of  this  equipment  would  need  to  be  made  to  determine  if  modifications  or  replacement  would  be 
necessary.  However,  modulation  of  the  Tainter  gate  should,  for  the  most  part,  be  limited  to  adjustments 
required  in  response  to  variations  in  forebay  level  only.  This  would  be  facilitated  by  the  PLC 
programming.  Upon  receiving  an  indication  of  increasing  head  differential,  in  the  absence  of  a  change  in 
forebay  level,  the  PLC  would  first  begin  a  screen  cleaning  cycle  since  this  would  be  the  most  likely  cause 
of  the  problem.  Only  if  this  did  not  work  and  the  head  continued  to  rise  would  the  flow  rate  be  reduced 
by  reducing  the  Tainter  gate  opening.  Additionally,  the  cleaners  could  be  set  up  on  a  regular  cleaning 
cycle  and/or  operated  manually.  Likewise,  the  operation  of  the  debris  skimmer  could  be  programmed 
into  the  PLC  and/or  operated  manually. 

Because  the  tilting  weirs  in  the  fish  transport  conduit  discharges  freely  into  the  gallery  at  all  design 
forebay  elevations,  this  gate  would  be  controlled  based  on  level  sensors  or  flow  meters  located  in  the 
conduit  upstream  of  the  weir. 

5.1.5  Operation  and  Maintenance  Issues 

System  Operations 

Operation  of  the  collector  and  its  related  components  is  intended  to  rely  to  a  great  degree  on  automated 
control  systems  to  regulate  flow  through  the  channel,  monitor  screen  cleaner  requirements,  and  activate 
debris  maintenance  at  the  downwell  debris  skimmer,  as  described  in  Section  5.1.4.  Despite  the 
efficiencies  offered  by  these  features,  operation  of  this  relatively  complex  facility  would  likely  require  a 
moderately  high  degree  of  attention  by  operations  personnel  to  respond  to  changing  conditions,  primarily 
in  the  area  of  screen  cleaning  and  general  debris  maintenance.  For  the  Type  1  SBC  channel  design,  the 
equivalent  of  two  full-time  operators  are  anticipated  to  be  required  to  handle  the  daily  operations  of  the 
system.  This  number  may  increase  during  high  debris  loading  periods  and  be  reduced  in  low  periods. 
Off-season  maintenance  and  inspection  duties  will  likely  require  more  concentrated  efforts  on  the  parts  of 
divers  and  other  personnel  performing  structure  inspections  and  maintenance. 
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Corrosion  Protection 

Components  proposed  for  construction  and  installation  in  the  SBC  system  must  demonstrate  a  50-year 
life  span  while  in  service.  One  of  the  primary  issues  related  to  longevity  relates  to  the  ability  of  the 
components  to  resist  corrosion,  and  the  ease  and  reliability  of  inspection  for  corrosion.  The  large  steel 
structures  proposed  for  the  SBC  channel  are  subjected  to  moderately  corrosive  environments  (continual 
submergence  in  moving  freshwater)  and  would  be  difficult  to  maintain  since  removal  of  these  large 
submerged  structures  for  periodic  inspection  and  refinishing  would  not  be  economically  feasible. 
Therefore,  selection  of  an  appropriate  corrosion  protection  system  is  critical. 

Two  basic  corrosion  protection  systems  were  reviewed  for  the  steel  structures.  These  include 
conventional  organic  coatings  systems  (painting)  and  cathodic  protection  systems.  The  latter  includes  use 
of  galvanic  anode  systems,  impressed  current  systems,  and  thermal  spray  metal  coatings. 

Organic  systems  include  a  wide  range  of  painting  systems  that  have  historically  provided  (successfully 
and  unsuccessfully)  a  large  degree  of  the  corrosion  protection  for  steel  structures.  Typical  in  this  category 
would  be  a  primer  coat  (e.g.,  zinc-rich  urethanes)  with  one  or  more  urethane  top  coats.  The  Corps  has 
successfully  utilized  a  6-coat  vinyl  paint  system  (Guide  Specification  CWGS-09940)  for  use  on  hydraulic 
structures  and  this  system  is  currently  the  preferred  coating  system  for  many  steel  hydraulic  structures. 
High  volatile  organic  compound  (VOC)  concerns  and  complex  application  makes  this  system 
cumbersome  to  install  yet  it  has  proven  very  successful  and  durable  in  the  proper  applications  [14].  Paint 
coatings  electrically  insulate  the  structure  from  the  electrolytic  environment  thus  interrupting  the 
corrosion  cell.  Success  of  the  system  depends  on  the  continued  integrity  of  the  coating.  While  this  type  of 
system  can  be  applied  at  a  reasonable  cost  during  the  fabrication  of  the  structures,  longevity  of  these 
systems  is  typically  less  than  20  years  with  refinishing  accomplished  periodically  as  required.  While  a 
life-cycle  cost  evaluation  comparing  paint  systems  to  other  systems  would  be  appropriate,  due  to  their 
lack  of  longevity,  paint  systems  are  seen  as  only  appropriate  for  components  in  the  SBC  which  can  be 
readily  removed  for  inspection  and  refinishing  (e.g.,  the  removable  bulkhead  panels,  stop  logs,  screen 
panel  framing,  etc.) 

The  other  class  of  corrosion  protection  systems  reviewed  are  categorized  as  cathodic  protection  systems. 
These  systems  operate  on  the  basis  of  transferring  the  corrosion  from  the  protected  structure  to  a 
sacrificial  material  or  anode  (typically  zinc).  Galvanic  anode  systems  utilize  a  replaceable  sacrificial 
anode  on  the  protected  structure  and  typically  involve  very  low  (naturally  induced)  driving  voltages 
derived  from  the  resulting  electrochemical  process.  Periodic  replacement  of  the  anodes  is  required. 
Impressed  current  systems  allow  far  greater  driving  voltages  than  the  galvanic  anodes.  Voltage  from  an 
outside  source  is  “impressed”  on  the  circuit  between  the  protected  structures  and  the  anodes.  The  most 
common  source  of  power  is  the  cathodic  protection  rectifier  or  D.C.  power  supply.  Impressed  current 
systems  are  inherently  more  complex  than  galvanic  systems  and  typically  require  more  maintenance. 
While  relatively  commonly  applied  by  various  districts  (e.g.,  Mobile  District),  the  need  to  ensure 
continued  operation  of  the  system  is  imperative.  Experience  with  long-term  application  of  impressed 
current  has  often  resulted  in  failure  of  the  impressed  current  system  before  failure  of  the  associated  paint 
system  has  occurred.  Common  for  both  the  galvanic  anode  and  impressed  current  systems  is  the  need  to 
assure  that  all  protected  structure  parts  are  electrically  connected.  If  a  conventional  paint  system  is 
utilized  in  conjunction  with  these  systems  (typical),  each  painted  part  must  be  electrically  connected  to 
assure  protection.  For  a  large  complex  steel  structure  with  many  fabricated  parts  (many  bolted  after 
fabrication),  this  is  a  daunting  task.  While  technically  feasible,  these  two  cathodic  protection  systems  are 
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not  viewed  as  reasonable  alternatives  for  the  large  continually  submerged  (non-removable)  steel 
structures  forming  the  SBC  channel  system. 

The  final  cathodic  protection  system  reviewed  is  known  as  thermal  spray  metal  coating  (thermal  spray)  or 
historically  as  metalizing.  Thermal  spray  metal  coatings  are  depositions  of  metal  which  have  been  melted 
immediately  prior  to  projection  onto  the  substrate.  The  metals  used  and  the  application  systems  vary,  but 
typical  applications  result  in  thin  coatings  of  sacrificial  metals  being  applied  to  surfaces  requiring 
corrosion  protection.  While  not  as  common  as  paint,  sprayed  metal  coatings  have  been  used  for  a  number 
of  years  and  exposure  tests  have  proven  them  to  be  extremely  durable  and  superior  to  conventional  paint 
coatings.  Uses  have  included  protection  of  steel  offshore  drilling  platforms,  protection  of  ships  in  the 
U.S.  Navy  fleet,  and  by  the  Corps  for  protection  of  steel  hydraulic  structures  where  a  wear-resistant,  low 
maintenance  system  is  required  [15].  Typical  metals  applied  in  these  systems  are  zinc  and  aluminum  and 
commonly,  an  85/15  (zinc/aluminum)  alloy  is  employed  in  freshwater  applications.  While  similar  to  hot- 
dip  galvanizing  in  protection  theory,  thermal  spray  systems  attain  a  much  higher  level  of  purity  due  to  the 
absence  of  contaminating  elements  typically  found  in  the  hot-dip  process,  and  unlike  hot-dip  galvanizing 
which  is  limited  by  dipping  tank  sizes,  thermal  spray  coatings  are  applied  in  much  the  same  environment 
as  conventional  sprayed  paint  systems.  Initial  application  cost  has  historically  been  an  issue  with  these 
coatings,  being  as  much  as  twice  as  expensive  as  conventional  paint  systems,  and  application  of  thermal 
spray  metal  coatings  can  take  longer.  However,  these  costs  are  being  reduced  dramatically  through  use  of 
larger  4,8  millimeters  (3/16  inch)  wire  systems  and  may  soon  approach  the  cost  of  painting.  Minor 
damage  to  thermal  spray  coatings  is  most  often  not  a  concern  since  the  cathodic  action  of  the  surrounding 
coating  will  dominate  the  electrolytic  environment  resulting  in  very  little  if  any  corrosion  of  small 
exposed  bare  metal  areas.  Where  low  maintenance  requirements  control,  these  systems  are  very  attractive 
and  present  a  very  competitive  system  with  practical  protection  possible  (depending  on  the  coating 
design)  for  as  much  a  50  years. 

The  use  of  zinc  as  a  component  of  the  thermal  spray  coating  is  an  issue  which  may  cause  some  concern, 
and  should  be  addressed.  Exposure  to  zinc  in  certain  environmental  conditions  is  documented  to  be  toxic 
to  many  fish  species,  especially  salmonids.  This  has  been  identified  as  a  problem  in  confined 
environmental  exposures,  such  as  fish  hatcheries  and  aquariums,  where  fish  are  confined  for  long  periods 
with  limited  water  turnover  rates.  Toxic  levels  for  salmonids  in  these  applications  have  been  cited  as 
0.01  milligram  per  liter  [mg/1]  [16],  and  0.03  mg/1  [17].  In  the  relatively  high-velocity,  high-flow 
conditions  represented  in  the  SBC  channel  design  it  is  very  unlikely  that  levels  such  as  these  could  ever 
be  created  by  the  coating  system.  To  establish  even  the  more  conservative  concentration  of  0.01  mg/1  in  a 
flow  of  170  m3/s  (6,000  cfs)  would  require  that  the  channel  structure  release  approximately  4.5  tonnes 
(4.9  tons)  of  zinc  into  the  water  per  month.  If  the  thennal  spray  coating  was  being  leached  off  the 
structure  at  even  a  tiny  fraction  of  this  rate  it  would  not  function  as  a  protective  coating  for  very  long. 
Additionally,  the  fish  which  pass  through  this  system  are  not  confined,  and  in  fact  would  spend  less  than  a 
couple  of  minutes  in  the  bypass  system  if  they  are  moving  at  the  design  water  velocity.  In  spite  of  these 
facts,  given  the  sensitive  nature  of  fish  toxicity  concerns,  and  the  apparent  advantages  the  thermal  spray 
system  could  offer  for  long-term  corrosion  protection,  it  may  be  prudent  to  conduct  a  controlled  test  of 
fish  exposure  to  these  conditions  before  making  a  final  decision  to  either  use  or  not  use  a  thermal  spray 
coating  system. 

Based  on  the  above  discussions,  the  following  corrosion  protection  measures  are  proposed  for  the 
components  described  for  the  SBC  channel.  For  nonremovable,  nonstainless  steel  structures  and 
components  with  low  or  no  maintenance  opportunities  (submerged),  an  85/15  thermal  sprayed  system 
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with  a  colored  seal  coat  is  proposed,  assuming  concerns  about  zinc  concentrations  are  adequately 
addressed.  These  structures  would  include  the  proposed  channel  structure  in  the  forebay,  the  debris  and 
channel  caisson  at  the  south  end,  the  SES,  and  the  cutoff  wall  located  below  the  channel.  Periodic 
inspection  by  divers  would  monitor  the  integrity  of  these  structures  over  the  life  of  the  system.  Internal 
components  and  accessories  which  are  removable  could  receive  a  conventional  paint  system  or 
galvanizing  in  lieu  of  the  thermal  spray  coating  if  cost  savings  justified  this.  The  removable  bulkhead 
panels  in  the  SES  for  example,  could  be  painted. 

Debris  Maintenance 

Maintenance  of  water  borne  debris  in  and  around  the  SBC  channel  is  a  relatively  significant  operational 
issue.  The  semi-circular  debris  racks  and  trash  rake  system  described  in  Section  5.1.3  will  exclude  the 
larger  debris,  however,  smaller  floating  and  neutrally  buoyant  debris  would  inevitably  be  entrained  in  the 
channel  flow.  This  debris  will  accumulate  on  the  horizontal  (or  sloped)  floor  surfaces,  become  impinged 
on  the  screens,  or  be  carried  with  the  flow  into  the  smaller  channels  and  eventually  to  the  juvenile 
collection  facilities.  The  objective  of  debris  maintenance  activities  would  be  to  minimize  the  impacts  of 
the  debris  on  the  operations  of  the  facility  by  staying  ahead  of  the  debris  rather  than  eliminating  it 
completely.  The  vertical  brush  bar  screen  cleaning  system  should  remove  a  relatively  significant  portion 
of  small  debris  (aquatic  weeds,  thistles,  etc.)  from  the  flow  path,  but  some  of  the  debris  would  continue  on 
and  remain  entrained  in  the  flow. 

Floating  debris  in  the  channel  will  likely  accumulate  at  the  downwell  where  the  fish  transport  flow  enters 
the  powerhouse.  The  downwell  debris  rake,  described  in  Section  5.1.3,  would  be  periodically  deployed  to 
remove  floating  material  in  that  area. 

Accumulations  of  debris  in  the  bottoms  of  the  channel  would  likely  occur  in  the  lower  velocity  areas  in 
the  channel  entrance  and  adjacent  to  the  primary  screen  panels.  It  is  assumed  that  divers  would  be 
required  to  dispense  with  this  material  at  the  end  of  the  operational  season.  Inclusion  of  maintenance 
“trap”  doors  in  the  floors  of  these  areas  would  assist  in  this  removal  activity  allowing  debris  to  be  pushed 
through  the  openings  and  out  of  the  channel.  The  alternative  would  be  to  have  the  material  mucked  out 
from  above  with  nets  and  cranes.  Even  if  trap  doors  are  provided,  a  certain  amount  of  mucking  out  may 
still  be  required  due  to  the  shear  size  of  the  channel. 

Because  a  large  portion  of  the  channel  is  effectively  screened  from  debris  by  the  dewatering  screens, 
these  areas  would  likely  not  require  a  lot  of  attention.  Similarly,  the  SES,  which  discharges  the  screened 
flow  from  the  channel,  would  not  likely  accumulate  a  great  deal  of  debris.  Flushing  of  the  SES  would  be 
possible  by  removing  the  upstream  bulkhead  panels  of  the  SES  and  opening  the  Tainter  gate. 

Inspection 

Inspection  of  the  large  submerged  steel  structures  described  for  the  SBC  channel  system  is  only 
reasonably  accomplished  by  divers.  These  structures  would  include  the  SBC  channel,  the  SES,  the  steel 
caisson  at  the  erection  bay,  and  the  cutoff  wall  located  under  the  channel.  Remotely  operated  vehicles 
(ROVs)  could  be  employed  with  video  monitoring  equipment  to  perform  these  inspections,  but  restricted 
visibility  due  to  degraded  water  quality  (turbidity)  and  the  angular  and  irregular  nature  of  much  of  these 
structures  makes  this  equipment  somewhat  cumbersome  to  use  from  a  practical  standpoint.  The  proposed 
thermal  spray  coating  system  for  the  submerged  steel  structures  should  make  inspection  of  these 
structures  straightforward  and  less  intensive  than  might  be  expected  with  a  lesser  coating  system. 


H:\WP\1346\Appcndices\FEIS\E  -  Major  Sys  Imp\CamRdy\Anncxes\Annex  B\AnnexB  doc 

E-B-58 


Appendix  E 


Some  of  the  higher  maintenance  items  are  proposed  as  being  completely  removable  for  inspection, 
maintenance  and  cleaning.  The  screen  cleaning  system  including  the  brush  bars  and  the  entire  guide  track 
frame  structure,  for  example,  would  be  completely  removable. 

If  the  fused  attachment  described  in  Section  5.1.2  is  installed  between  the  channel  and  the  guides,  the 
shear  pins  should  be  inspected  by  divers  annually.  Pins  which  appear  to  be  damaged  should  be  replaced 
in  kind  and  mill  certification  provided  for  the  high-strength  steel  material  to  document  the  actual  shear 
capacity  of  the  pin. 

Routine  inspection  of  the  ESBS  system  is  anticipated  throughout  the  fish  season.  The  magnitude  and 
scope  of  these  inspections  is  well  documented  and  are  expected  to  remain  the  same. 

Mechanical  Systems 

Maintenance  of  the  major  mechanical  systems  will  be  greatly  enhanced  by  the  good  access  to  the  critical 
mechanisms.  The  drive  mechanisms  for  the  screen  cleaning  equipment  are  above  the  water  surface  and 
thus  readily  inspectable  and  serviceable.  This  is  also  the  case  for  the  debris  rake  equipment  at  the 
entrances  and  at  the  fish  gallery  downwell.  Normal  periodic  maintenance  for  this  equipment  is  assumed. 
Since  machinery  is  available  which  is  specifically  designed  for  these  types  of  applications,  a  high  level  of 
reliability  is  anticipated. 

5.1.6  Construction  Issues 

Fabrication/Installation  Strategies 

Several  fabrication/installation  strategies  could  be  adopted  for  the  construction  of  the  SBC  channel  and 
the  SES.  Because  Lower  Granite  is  barge-accessible,  and  since  a  strong  fabrication  presence  exists  in  the 
Northwest  region  with  good  marine  access,  the  use  of  barges  for  the  conveyance  of  large  pre-assembled 
components  is  attractive  from  a  fabrication/installation  viewpoint.  A  particular  advantage  lies  in  the 
ability  to  pre-assemble  the  channel  components  in  a  more  controlled  shop  environment  rather  than  at  the 
job  site.  For  example,  proper  fit-up  and  alignment  of  screens  and  internal  panels  is  critical  to  the 
performance  of  cleaning  equipment.  The  quality  of  the  corrosion  protection  system  would  also  be  better 
if  it  were  applied  in  a  controlled  environment  before  transport  to  the  site,  and  if  the  field  assembly  were 
limited  to  bolting  (i.e.,  no  field  welding).  Pre-fabricated  channel  sections  as  long  as  3.05  meters  (10  feet) 
or  more  could  conceivably  be  pre-assembled  and  transported  by  barge  to  the  site  for  final  installation. 
Baiging  equipment  with  capacities  of  3,175  tonnes  (3,500  tons)  is  available  and  would  be  ample  for  this 
work.  Use  of  the  area  around  the  navigation  locks  could  be  used  for  staging  and  bolting  of  the  channel 
sections  prior  to  floating  to  the  face  of  the  powerhouse  for  final  installation. 

Alternatively,  assembly  of  the  SBC  channel  components  could  be  undertaken  at  the  job  site.  Trucking  of 
panelized  subassemblies  is  feasible  for  panels  up  to  5.0  meters  (16.5  feet)  wide  without  road  closures, 
however,  height  restrictions  would  not  allow  for  fully  pre-fabricated  channel  sections  to  be  trucked. 
Barging  of  these  subassemblies  would  also  obviously  be  feasible.  A  site-based  final  assembly  shop 
(either  on  shore  or  on  a  barge)  would  be  capable  of  bolting  and  a  certain  amount  of  welding.  Cranes 
would  be  employed  to  allow  placement  of  the  smaller  assemblies  in  the  water  for  final  assembly 
underwater  by  divers. 

Installation  of  the  concrete  caissons  for  support  of  the  cutoff  wall  (at  the  bottom  of  the  forebay)  will 
require  a  unit  outage  for  Unit  6,  and  possibly  Unit  5.  If  bedrock  is  encountered  at  the  desired  locations  for 
the  caissons,  direct  placement  of  tremie  concrete  inside  a  submerged  steel  shell  would  be  performed. 
Otherwise,  jetting  and  pumping  of  excavated  material  from  inside  the  caissons  may  be  feasible  to  sound 
material,  with  subsequent  placement  of  tremie  concrete.  The  concrete  caisson  would  then  be  rock 
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anchored  to  the  underlying  bedrock  material.  The  lower  panel  of  the  cutoff  wall,  after  shore  (or  barge) 
assembly,  would  be  lowered  into  place  and  temporarily  secured  until  arrival  of  the  channel  section 
outfitted  with  the  braced  upper  wall  section. 

Similar  issues  are  of  consideration  for  the  SES.  The  proposed  large  steel  panels  should  be  fabricated  in 
sections  as  large  as  can  be  transported  and  handled  efficiently  at  the  site.  Final  assembly  of  the  panels 
would  occur  at  the  site  where  they  would  be  bolted  to  the  face  of  the  spillway  piers  utilizing  rock  bolts  or 
large  anchor  bolts.  Installation  of  the  tremie  concrete  fill  would  follow. 

At  the  erection  bay  monolith,  routing  of  the  fish  transport  conduit  from  the  SBC  channel  to  the  existing 
fish  collection  gallery  in  the  dam  will  require  the  removal  of  portions  of  the  forebay  wall  (see  Sections  C 
and  D  on  Plate  1.1.4).  Since  this  area  is  normally  submerged,  removal  of  this  concrete  would  either  need 
to  be  accomplished  underwater  or  in  the  dry  behind  a  dewatering  caisson.  Removal  of  the  concrete 
underwater  would  not  be  feasible  since  the  downstream  side  of  the  wall  would  then  be  flooded  to  full 
forebay  elevation  which  is  not  acceptable.  Rather,  it  is  proposed  that  the  steel  caisson  designed  for  the 
final  installation  be  installed  prior  to  concrete  removal  and  utilized  during  the  concrete  removal  process. 
Some  additional  bulkheading  would  be  required  at  the  caisson  penetration  where  the  connection  would 
ultimately  be  made  to  the  floating  structure.  Diamond  wire  sawing  of  the  concrete  into  manageable 
pieces  would  facilitate  removal  through  the  open  top  of  the  caisson. 

Ultimately,  the  design  of  these  structures  should  allow  for  flexibility  in  construction  to  accommodate  a 
variety  of  fabrication/installation  strategies  to  improve  the  bidding  environment  during  the  construction 
phase.  Common  to  all  of  the  construction  activities  would  be  the  need  for  a  relatively  large  amount  of 
diver  work.  The  goal  would  be  to  limit  this  work  to  assembly  of  bolted  connections  since  recoating  of 
painted  or  cathodically  protected  surfaces  underwater  is  not  seen  as  a  reasonable  undertaking. 

Construction  Sequencing 

Major  construction  sequencing  for  the  installation  of  the  SBC  channel  components  is  constrained  by  the 
requirements  of  powerhouse  and  spillway  operations  including  flood  protection,  downstream  fish  passage 
protection  (mandated  spill),  and  spill  shaping  to  enhance  upstream  passage  and  navigation.  In  addition, 
construction  activities  in  the  river  near  the  project  are  severely  restricted  from  mid-April  to  mid- 
December  to  ensure  that  migrating  fish  are  not  disturbed  by  construction  noise,  degraded  water  quality 
due  to  construction,  or  blocked  or  otherwise  compromised  passage  routes.  The  remainder  of  the  year 
(mid-December  to  mid-March)  is  identified  as  the  in-water  work  window  for  construction  at  the  project. 
Unit  outage  and  spillbay  blockage  opportunities,  and  less  restrictive  construction  requirements  in  terms  of 
water  quality  and  noise  are  examples  of  construction  impacts  that  are  allowed  during  this  period. 
Exceptions  to  this  work  window,  however,  are  assumed  to  include  construction  activities  that  do  not 
impact  existing  protection  measures.  This  distinction  might  allow  work  to  proceed  on  portions  of  the 
project  that  do  not  interfere  with  migrating  fish. 

Installation  of  the  major  portions  of  the  SBC  channel  in  the  forebay  is  envisioned  to  take  place  during  the 
work  window  identified  above.  Construction  would  progress  along  the  face  of  the  powerhouse  requiring 
periodic  unit  outages  to  allow  work  to  proceed  in  front  of  unit  intakes.  To  optimize  this  effort,  sections  of 
the  channel  could  be  assembled  remotely  from  the  powerhouse  (for  example  in  the  area  of  the  navigation 
lock)  and  floated  to  the  face  of  the  powerhouse  for  attachment  to  the  powerhouse  and  connection  to  the 
rest  of  the  channel.  Final  finish  work  could  proceed  independently  of  powerhouse  operations. 
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There  may  be  an  advantage  from  a  fish  passage  protection  standpoint  to  sequence  the  work  starting  at  the 
spillway  end  of  the  channel  and  progressing  toward  the  lower  number  powerhouse  units.  If  it  were  not 
possible  to  complete  construction  of  the  channel  during  a  single  3 -month  work  window,  which  is  likely, 
the  channel  could  be  operated  in  a  nonscreening  or  emergency  bypass  mode  during  the  fish  passage 
season.  The  channel  would  need  to  be  bulkheaded  at  the  upstream  end  (where  construction  ended)  and 
the  completed  entrance(s)  opened  to  allow  downstream  migrants  to  enter  the  SBC  and  pass  through  to 
Spillbay  1.  Because  no  screening  would  be  involved,  much  of  the  internal  mechanical  and  electrical 
features  (screen  cleaners,  screen  panels,  control  weirs,  etc.)  would  not  need  to  be  installed  at  this  point.  It 
may  in  fact  be  possible  to  construct  the  channel  shell  and  internal  walls  for  the  entire  length  of  the  SBC 
during  the  in-water  work  window  so  that  all  three  entrances  would  be  available  in  the  nonscreening  mode. 
Alternatively,  the  channel  could  be  assumed  to  be  non-operational  during  the  fish  passage  months  while 
internal  construction  work  is  completed  so  that  the  channel  could  be  put  into  operation  mid-season  or  the 
following  April. 

Work  on  the  SES  at  Spillbay  1  could  be  conducted  relatively  independently  of  project  operations  except 
during  periods  of  high  spill  or  if  spill  shaping  required  use  of  Spillbay  1  during  the  fish  migration  season. 
Because  Spillbay  1  is  not  specifically  associated  with  current  downstream  juvenile  fish  passage  (except  as 
related  to  spill),  it  is  assumed  that  work  on  this  structure  would  be  relatively  unencumbered  by  the  work 
window.  However,  because  Spillbay  2  and  perhaps  Spillbay  3  would  also  need  to  be  shutdown  for  safety 
during  construction  of  portions  of  the  SES,  this  would  require  a  relatively  close  review  of  the  project 
operational  impacts  discussed  above.  Assuming  that  operational  issues  can  be  resolved,  it  is  conceivable 
that  work  could  be  started  on  the  installation  of  the  large  steel  panels  (walls  and  floor)  of  the  SES  prior  to 
December  15.  Most  of  this  work  would  be  relatively  benign  from  a  fish  disturbance  standpoint.  During  the 
work  window  period,  more  sensitive  construction  activities  could  be  conducted.  This  would  include  the 
tremie  concrete  installation.  With  use  of  anti-milking  agents  in  the  concrete  mix,  the  water  quality  concerns 
can  be  minimized  although  not  eliminated.  Completion  of  the  SES  would  be  required  during  the  first  work 
window  season  if  temporaiy  full  flow  bypass  (nonscreened)  operation  of  the  SBC  channel  were  desired. 

Construction  Duration 

Fabrication  of  the  SBC  channel  and  SES  components  shown  for  the  Type  1  design  at  Lower  Granite 
should  take  j  to  5  months.  Installation  of  the  SES  should  take  about  3  months.  Installation  of  the  channel 
to  a  fully  operational  condition  should  take  5  to  7  months. 

5.1.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  a  Type  1  SBC  system  at  Lower  Granite  is 
$61,449,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  page. 
Annual  O&M  costs  are  estimated  as  follows: 


Maintenance 

Mechanical/electrical  components 

$236,700 

Structural  components 

$133,900 

Operations 

Labor  requirements 

$160,000 

Total  annual  O&M 

$530,600 

These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  existing  ESBS  diversion  system, 
juvenile  fish  facilities,  or  transportation  costs.  Biological  study  costs  also  are  not  included. 
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5.2  Little  Goose:  Full  Powerhouse  SBC  (with  Existing  ESBS)  -  SBC 
Type  1 

The  layout  of  the  existing  powerhouse  and  spillway  at  Little  Goose  is  very  similar  to  the  layout  at  Lower 
Granite,  Therefore,  the  general  arrangement  and  operation  of  the  Type  1  SBC  channel  at  Little  Goose  is 
the  same  as  was  described  for  Lower  Granite,  with  a  few  minor  exceptions.  Plans  and  details  of  this 
design  are  included  on  Plates  1.2.1  through  1,2.4,  in  Section  5,6.  The  exceptions  are  discussed  below, 
and  the  effects  they  have  on  specific  design  details  are  discussed  in  the  following  sections. 

One  difference  between  Lower  Granite  and  Little  Goose  is  that  the  existing  juvenile  fish  bypass  gallery  at 
Little  Goose  does  not  include  a  downwell.  Rather,  the  entire  gallery  bypass  system  operates  as  an  open- 
channel  flow.  Since  the  open-channel  transport  flow  from  the  SBC  conduit  will  be  merged  directly  into 
this  gallery  flow,  there  is  no  one  location  where  small  floating  debris  would  likely  accumulate. 

Therefore,  there  is  no  need  at  Little  Goose  to  include  a  debris  skimmer  at  this  location.  The  hydraulics 
associated  with  the  merging  of  the  SBC  flow  and  the  existing  juvenile  gallery  flow  is  discussed  in 
Section  5.2,1. 

The  location  of  the  adult  fish  ladder  exit  at  Little  Goose  is  farther  south  of  the  powerhouse  than  is  the  case 
at  Lower  Granite.  The  ladder  exit  is  incorporated  into  the  navigation  lock  monolith,  to  the  south  of  the 
south  non-overflow  section.  As  a  result,  the  SBC  channel  does  not  extend  in  front  of  the  fish  ladder  exit 
at  Little  Goose.  The  channel  does,  however,  extend  in  front  of  the  intake  for  the  ladder  attraction  water 
turbine-pump,  which  is  incorporated  into  the  erection  bay.  This  should  not  present  a  problem  since  the 
intake  is  located  at  a  depth  well  below  the  channel  flotation  cell,  and  the  wall  of  the  channel  would  be  far 
enough  away  from  the  intake  so  as  not  to  cause  a  hydraulic  problem.  The  erection  bay  at  Little  Goose 
extends  upstream  to  an  extent  requiring  that  the  SBC  channel  include  a  boxed-out  portion  to 
accommodate  it.  The  reduced  cross-sectional  area  of  the  channel  at  this  location  should  not  present  a 
problem  because  the  flow  in  this  area  is  small. 

An  operational  difference  between  Lower  Granite  and  the  other  three  projects  (including  Little  Goose)  is 
that  only  Lower  Granite  is  operated  as  a  flood  control  project.  Therefore,  the  forebays  at  Little  Goose, 
Lower  Monumental,  and  Ice  Harbor  are  never  currently  drawn  down  below  the  MOP  elevation.  This 
could  reduce  the  length  required  for  the  channel  attachment  guides.  However,  for  the  purposes  of  this 
investigation  it  has  been  conservatively  assumed  that  the  guides  at  all  four  projects  are  the  same  length, 
allowing  for  a  reservoir  draw  down  to  9  feet  below  MOP.  This  would  accommodate  potential  future 
changes  in  the  operating  procedures  at  these  projects,  and  is  reflected  in  the  drawings  and  cost  estimates. 

One  final  difference  between  Lower  Granite  and  the  other  three  projects  is  that  Lower  Granite  has  a 
number  of  existing  items  in  the  forebay  which  need  to  be  removed  or  relocated  to  facilitate  installation  of 
a  new  SBC.  These  items,  which  are  not  present  at  the  other  projects,  include  an  SBC  prototype  with  an 
SWI  attached,  a  BGS  prototype,  and  a  forebay  trash  shear  boom.  Consequently,  although  none  of  these 
items  effect  the  design  of  the  SBC  itself,  the  cost  of  installing  any  of  the  SBC  designs  described  in  this 
report  at  Lower  Granite,  for  this  reason  alone,  would  be  greater  than  installing  an  identical  facility  at  the 
other  three  projects. 

5.2.1  Hydraulics 

Hydraulic  characteristics  of  the  Type  1  SBC  installed  at  Little  Goose  are  nearly  identical  to  the  Type  1 
SBC  installation  at  Lower  Granite.  The  exception  lies  with  the  connection  to  the  existing  fish  gallery. 

The  SBC  fish  transport  flow  merges  with  the  galleiy  flow  on  the  outside  and  near  the  downstream  end  of 
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a  90-degree  bend  in  the  gallery  (see  Plate  1 .2.2).  As  a  consequence,  the  gallery  flow  is  converging  on  the 
zone  that  the  SBC  flow  is  emerging  from.  This  could  further  aggravate  mixing  and  yield  a  rough 
transition.  It  is  proposed  that  a  shroud  or  shell  could  be  used  to  turn  the  SBC  flow,  aligning  it  with  the 
gallery  flow,  and  at  the  same  time  matching  the  SBC  flow  velocity  to  the  gallery  velocity.  The  two  flows 
could  then  be  merged  with  minimal  mixing  and  shear.  Considering  the  concentrations  of  juvenile  fish  in 
both  flows,  optimizing  hydraulics  appears  to  be  desirable.  A  thin  walled  shroud  should  be  used  to 
minimize  trailing  separation  zones.  The  shroud  might  be  molded  out  of  plastic  or  ABS  material  much 
like  that  used  in  kayak  fabrication.  The  centerline  radius  of  the  included  bend  should  be  at  least  five 
conduit  widths  long.  The  shroud  would  converge  on  the  gallery  flow,  however  by  using  a  gradual 
convergence  and  by  rounding  all  comers  on  the  shroud,  adverse  influences  on  the  gallery  flow  should  be 
minimized. 

5.2.2  Structural  Design 

Structural  design  issues  for  the  Type  1  SBC  at  Little  Goose  are  the  same  as  those  described  for  Lower 
Granite  in  Section  5.1.2,  with  one  exception.  The  straight-line  fetch  length  of  the  river  upstream  of  the 
dam  at  Little  Goose  is  longer  than  at  Lower  Granite.  At  Little  Goose,  the  fetch  length  is  about  1 0.5 
kilometers  (6.5  miles),  whereas  at  Lower  Granite  the  fetch  is  only  about  3.2  kilometers  (2.0  miles).  The 
result  of  the  longer  fetch  is  the  potential  for  larger  wind-driven  waves  and  wave  loading.  The  wave 
height  and  wave  length  associated  with  fully  developed  waves  resulting  from  a  1 13-km/hr  (70-mph)  wind 
over  a  10.5-kilometer  (6.5-mile)  fetch  are  1.62  meters  (5.3  feet)  and  28  meters  (93  feet),  respectively. 

The  resulting  wave  load  on  a  vertical  wall  extending  21.3  meters  (70  feet)  deep  is  74  kN/m  (5,1 00  lb/ft), 
compared  to  19  kN/m  (1,300  lb/ft)  at  Lower  Granite.  This  greater  wind  load  is  similar  to  the  design  ice 
loading  at  either  project  and  should  not  effect  the  design  considerations  for  the  fused  attachment. 
Additionally,  the  sustained  wind  required  to  mobilize  the  design  wave  described  for  Little  Goose  would 
be  a  much  rarer  event  than  that  which  would  be  required  at  Lower  Granite.  For  a  1 13  km/hr  (70  mph) 
wind  to  fully  mobilize  the  fetch  at  Little  Goose  would  require  that  it  be  sustained  for  80  minutes,  whereas 
mobilizing  the  shorter  fetch  at  Lower  Granite  would  require  only  36  minutes  of  sustained  design  wind. 

5.2.3  Mechanical  Requirements 

As  with  the  other  design  issues,  mechanical  requirements  for  the  Type  1  SBC  design  at  Little  Goose  are 
the  same  as  described  for  Lower  Granite  with  the  exception  that  Little  Goose  does  not  require  a  debris 
skimmer.  Details  concerning  the  mechanical  requirements  for  this  design  can  be  found  in  Section  5.1.3. 

Hoisting  issues  are  the  same  as  at  Lower  Granite  except  that  since  there  is  no  debris  skimmer,  there  is  no 
debris  hopper  to  be  unloaded.  Because  Little  Goose  has  the  same  50-tonne  (55-ton),  4-section  hydraulic 
boom  crane  that  Lower  Granite  has,  use  of  this  crane  for  the  various  loads  associated  with  a  Type  1 
design  would  be  appropriate.  A  boom  truck  was  included  for  Lower  Granite  due  to  the  relatively  frequent 
light  loads  associated  with  unloading  the  debris  hopper.  Since  there  is  no  debris  hopper  to  unload,  no 
boom  truck  is  specified  for  Little  Goose.  It  is  anticipated  that  the  raking  of  the  entrance  trash  racks  will 
be  a  relatively  infrequent  process  and  would  not  justify  the  expense  of  dedicated  hoist  equipment  for  the 
muck  car. 
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Except  for  the  lack  of  a  debris  skimmer  in  the  juvenile  gallery,  the  electrical  loads  for  the  Type  1  SBC  at 
Little  Goose  are  the  same  as  for  those  for  the  Type  1  SBC  at  Lower  Granite  (see  Section  5.1.4)  and  total 
approximately  430  amperes  at  480  volts  ac.  Calculations  for  estimated  electrical  load  are  provided  in 
Attachment  A. 

A  reliable  source  of  power  is  available  at  4160  volts  from  the  Station  Service  Switchgear  Room  located  in 
the  erection  bay  on  Floor  3  [18].  A  new  cubicle  and  breaker  would  be  added  to  existing  switchgear  in  this 
room.  From  there,  a  4,160-volt  feeder  would  be  routed  to  the  XJ  Breaker  Gallery  on  the  7th  floor  where 
there  would  be  sufficient  room  to  add  a  load  interrupter  switch,  transformer  and  secondary  breaker.  From 
this  location,  480-volt  power  would  be  routed  up  through  the  concrete  deck  via  cored  holes  and  from 
there  to  the  floating  SBC  channel.  Distribution  of  power  on  the  SBC  channel  would  be  similar  to  that 
described  for  the  Type  1  SBC  at  Lower  Granite.  A  one-line  diagram  illustrating  the  electrical  loads, 
power  sources  and  components  is  provided  on  Plate  1.2.4. 

Instrumentation  and  Controls 

Instrumentation  and  controls  issues  for  the  Type  1  SBC  at  Little  Goose  are  the  same  as  at  Lower  Granite 
except  that  the  debris  skimmer  shown  for  Lower  Granite  is  not  required  thereby  reducing  system 
complexity  to  a  minor  degree. 

5.2.5  Operation  and  Maintenance  issues 

O&M  issues  for  the  Type  1  SBC  channel  design  at  Little  Goose  are  very  similar  to  those  at  Lower 
Granite.  Because  there  is  no  debris  skimmer,  it  is  estimated  that  there  would  be  a  reduction  of 
approximately  one-half  equivalent  worker  for  operation  of  the  facility.  Therefore,  a  total  equivalent  of 
one  and  one  half  full-time  operators  are  anticipated  to  be  required  to  handle  the  daily  operations  of  the 
system. 

5.2.6  Construction  Issues 

Construction  issues  for  installation  of  the  SBC  channel  and  related  components  at  Little  Goose  are 
expected  to  be  similar  to  those  at  Lower  Granite.  The  project  layout  and  operation  is  similar  with  slightly 
better  accessibility  possibilities  for  barging  since  there  are  fewer  lockage  events  required  to  reach  this 
project  from  the  lower  river. 

Construction  sequencing  and  construction  durations  would  likewise  be  similar  to  Lower  Granite  as  in¬ 
water  work  windows  are  the  same  and  since  the  scope  of  the  construction  work  is  similar. 
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5.2.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  a  Type  1  SBC  system  at  Little  Goose  is 
$53,787,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  page. 
Annual  O&M  costs  are  estimated  as  follows: 


Maintenance 

Mechanical/electrical  components  $224,200 

Structural  components  $131,100 

Operations 

Labor  requirements  $120.000 

Total  annual  O&M  $475,300 


These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  existing  ESBS  diversion  system, 
juvenile  fish  facilities,  or  transportation  costs.  Biological  study  costs  are  also  not  included. 

5.3  Lower  Monumental:  Full  Powerhouse  SBC  (with  New  ESBS)  - 
SBC  Type  1 

The  layout  of  the  existing  powerhouse  and  spillway  at  Lower  Monumental  is  very  similar  to  the  layout  at 
Lower  Granite,  but  is  reversed  in  the  north-south  direction.  At  Lower  Monumental,  the  powerhouse  is 
located  to  the  north  of  the  spillbays.  Therefore,  other  than  the  layout  being  reversed,  the  general 
arrangement  and  operation  of  the  Type  1  SBC  channel  at  Lower  Monumental  is  the  same  as  was 
described  for  Lower  Granite,  with  a  few  minor  exceptions.  Plans  and  details  of  this  design  are  included 
on  Plates  1.3.1  through  1.3.4,  in  Section  5.6.  The  exceptions  are  discussed  below,  and  the  effects  they 
have  on  specific  design  details  are  discussed  in  the  following  sections. 

As  is  the  case  at  Little  Goose,  the  existing  juvenile  fish  bypass  gallery  at  Lower  Monumental  does  not 
include  a  downwell.  Rather,  the  entire  gallery  bypass  system  operates  as  an  open-channel  flow.  Since  the 
open-channel  transport  flow  from  the  SBC  conduit  will  be  merged  directly  into  this  gallery  flow,  there  is 
no  one  location  where  small  floating  debris  would  likely  accumulate.  Therefore,  there  is  no  need  to 
include  a  debris  skimmer  at  this  location.  The  hydraulics  associated  with  the  merging  of  the  SBC  flow 
and  the  existing  juvenile  gallery  flow  is  discussed  in  Section  5.3.1. 

Other  aspects  of  the  Type  1  SBC  design  at  Lower  Monumental  which  are  similar  to  Little  Goose,  but 
different  than  Lower  Granite,  are  the  location  of  the  adult  fish  ladder  exit  relative  to  the  channel,  and  the 
lack  of  a  flood  drawdown  forebay  elevation.  At  Lower  Granite,  the  ladder  exit  is  located  behind  the 
channel,  as  noted  earlier,  whereas  at  Lower  Monumental,  it  is  located  north  of  the  channel  resulting  in 
clear  passage  upstream  from  the  exit.  With  regards  to  forebay  elevations,  the  operation  of  Lower 
Monumental  does  not  call  for  flood  drawdown  of  the  reservoir,  resulting  in  potential  savings  in  the 
channel  attachment  requirements.  Moreover,  the  operating  range  variation  of  the  Lower  Monumental 
forebay  is  only  0.914  meter  (3.0  feet),  as  opposed  to  1.52  meters  (5.0  feet)  for  Lower  Granite  and  Little 
Goose,  which  could  result  in  even  greater  savings  in  the  attachment  requirements. 
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5.3.1  Hydraulics 

Hydraulic  characteristics  of  the  Type  1  SBC  installed  at  Lower  Monumental  are  nearly  identical  to  the 
Type  1  SBC  installations  at  Lower  Granite  and  Little  Goose.  The  exception  again  lies  with  the 
connection  to  the  existing  fish  gallery.  The  SBC  fish  transport  flow  at  this  site  is  merged  with  the  gallery 
flow  in  a  gallery  section  that  should  have  fairly  well  aligned  flow,  as  shown  on  Plate  1.3.2.  This  location 
minimizes  local  flow  concentrations  and  consequently  offers  potential  for  more  stable  merging 
hydraulics.  Use  of  a  shroud,  as  proposed  for  Little  Goose,  could  again  be  used  to  further  optimize  flow 
merging.  The  shroud  would  align  the  SBC  flow  with  the  gallery  flow  and  at  the  same  time  match  flow 
velocities.  The  two  flows  could  then  be  merged  with  minimal  mixing  and  shear.  The  centerline  radius  of 
the  included  bend  should  again  be  at  least  five  conduit  widths  long. 

To  optimize  the  ESBS  design,  the  new  ESBS  should  be  evaluated  in  a  single  turbine  intake  model  with  an 
SBC-shaped  box  included  since  the  SBC  will  modify  the  hydraulic  field  at  the  ESBS.  The  Lower 
Monumental  turbine  intake  configuration  is  nearly  identical  to  Little  Goose  and  quite  similar  to  Lower 
Granite.  As  a  consequence,  previous  studies  that  developed  the  ESBS  installations  at  those  sites  may  give 
guidance  to  selection  of  design  features  (including  screen  porosity)  for  Lower  Monumental.  Knowledge 
gained  from  the  experience  of  operating  ESBS  systems  at  these  facilities  (both  positive  or  negative) 
should  be  used  to  further  optimize  the  new  design.  Recognizing  the  importance  of  these  hydraulic 
features  and  their  influence  on  potential  fish  impingement  and  collection,  care  should  be  taken  to  optimize 
the  ESBS  design  and  the  ESBS  porosity.  This  may  require  additional  hydraulic  modeling.  Modeling  of 
the  ESBS  design  should  use  a  single  turbine  intake  model  of  sufficient  scale  (approximately  1:12)  to 
allow  detailed  evaluation  of  the  velocity  fields  on  the  ESBS  face  and  in  the  gate  well  entrance. 

5.3.2  Structural  Design 

SBC  Channel  and  SES 

Structural  design  issues  for  the  Type  1  SBC  at  Lower  Monumental  are  the  same  as  those  discussed  for 
Lower  Granite  in  Section  5.1.2,  with  one  exception.  The  straight-line  fetch  length  of  the  river  upstream 
of  the  dam  at  Lower  Monumental  is  about  5.6  kilometers  (3.5  miles).  This  is  longer  than  the  fetch  at 
Lower  Granite,  but  is  considerably  shorter  than  at  Little  Goose.  The  resulting  wave  loading  would  be  less 
than  was  described  in  Section  5.2.2  for  Little  Goose,  and  considerably  less  than  the  design  ice  loading. 
Therefore,  although  the  wave  loading  could  potentially  be  somewhat  greater  than  at  Lower  Granite,  it 
would  not  affect  the  fuse  pin  attachment  design  previously  described. 

ESBS  Intake  Diversion  System 

The  structural  design  of  the  ESBS  systems  is  assumed  to  be  the  same  as  for  previously  constructed  ESBS 
systems  at  other  projects.  No  major  structural  modifications  will  be  required  to  accommodate  the  screens. 
Modifications  to  add  a  gate  to  the  handrails  around  the  intake  deck  openings  will  be  required  since  the 
gantry  crane  cannot  lift  the  screens  fully  to  clear  the  existing  handrails.  Also,  handrail  modifications  to 
accommodate  the  dogging  beams  and  devices  will  be  required  [19]. 

5.3.3  Mechanical  Requirements 

As  with  the  other  design  issues,  mechanical  requirements  for  the  Type  1  SBC  design  at  Lower 
Monumental  are  the  same  as  described  for  Lower  Granite  with  the  exception  that  like  Little  Goose,  Lower 
Monumental  does  not  require  a  debris  skimmer.  There  are  also  additional  mechanical  issues  related  to  the 


H:\WP\1346\Appendices\FEIS\E  -  Major  Sys  Imp\CamRdy\Annexcs\Annex  B\AnnexB.doc 

E-B-68 


Appendix  E 


new  ESBS  system  and  hoisting  as  described  below.  Other  details  concerning  the  mechanical 
requirements  for  this  design  can  be  found  in  Section  5.1.3. 

Hoist  Systems 

Hoisting  issues  are  the  same  as  at  Lower  Granite  except  that  since  there  is  no  debris  skimmer,  there  is  no 
debris  hopper  to  be  unloaded.  Lower  Monumental  has  a  32-tonne  (35-ton),  hydraulic  boom  crane  which 
is  smaller  than  those  at  either  Lower  Granite  or  Little  Goose.  On  its  outriggers,  the  crane  has  the 
following  capacities: 


Load  Radius 

12.2  m  (40  ft) 

15.2  m(50  ft) 

18.3  m  (60  ft) 

21.3  m  (70  ft) 

24.4  m  (80  ft) 


Boom  Length 
34.1m  (112  ft) 
34.1  m  (112  ft) 
34.1m  (112  ft) 
34.1m  (112  ft) 
34.1  m  (112  ft) 


Capacity  (Side! 
5,625  kg  (12,400  lb) 
4,718  kg  (10,400  lb) 
3,629  kg  (8,000  lb) 
2,858  kg  (6,300  lb) 
1,996  kg  (4,400  lb) 


These  load  capacities  are  between  75  percent  and  90  percent  of  those  for  the  bigger  cranes  at  Little  Goose 
and  Lower  Granite.  Thus,  if  this  existing  crane  were  utilized,  it  would  be  necessary  to  either  reduce  the 
magnitude  of  the  loads  for  the  removable  channel  components.  Alternatively,  a  larger  crane  could  be 
procured.  This  would  be  an  issue  for  final  design.  This  decision  may  be  influenced  by  the  fact  that  the 
32-tonne  (35-ton)  crane  is  older  and  has  been  somewhat  problematic  to  operate  [20],  Since  no  debris 
skimmer  is  required  at  Lower  Monumental,  no  boom  truck  is  specified. 


ESBS  System 

The  typical  ESBS  designs  at  other  projects  include  a  screen  cleaner  made  up  of  a  vertically  sweeping 
brush  bar  driven  by  a  5-horsepower  motor.  The  bar  sweeps  debris  across  the  length  of  the  screens  and 
into  the  intakes  where  it  is  earned  away.  It  is  assumed  that  this  design  will  also  be  appropriate  at  Lower 
Monumental, 


5.3,4  Electrical  Requirements 

Primary  Power  Considerations 

The  electrical  loads  for  the  Type  1  SBC  at  Lower  Monumental  are  the  same  as  those  for  the  Type  1  SBC 
at  Little  Goose  (i.e.,  as  described  for  Lower  Granite  in  Section  5.1.4,  but  without  the  debris  skimmer)  and 
total  approximately  430  amperes  at  480-volt  alternating  current.  Calculations  for  estimated  electrical  load 
are  provided  in  Attachment  A. 

A  reliable  source  of  power  is  available  from  the  4,160-volt  switchgear  located  in  the  Station  Service 
Switchgear  Room  located  in  the  erection  bay  on  Floor  3  at  about  elevation  135.3  meters  (444  feet)  [20]. 

A  new  cubicle  and  breaker  would  be  added  to  existing  switchgear  in  this  room.  From  there,  a  4,160-volt 
feeder  would  be  routed  to  the  service  gallery  near  Spillbay  8  at  about  elevation  165.8  meters  (544  feet) 
where  there  would  be  sufficient  room  to  add  a  load  interrupter  switch,  transformer,  and  secondaiy 
breaker.  From  this  location,  480-volt  power  would  be  routed  up  through  the  concrete  deck  via  cored 
holes  and  from  there  to  the  floating  SBC  channel.  Distribution  of  power  on  the  SBC  channel  would  be 
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similar  to  that  described  for  the  Type  1  SBC  at  Lower  Granite.  A  one-line  diagram  illustrating  the 
electrical  loads,  power  sources  and  components  is  provided  on  Plate  1.3.4. 

ESBS  Intake  Screens 

Each  of  the  1 8  new  ESBS  installations  specified  to  replace  the  existing  submerged  traveling  screens 
systems  has  a  5-horsepower  motor  to  drive  the  integrally  designed  brush  bar  screen  cleaning  system.  This 
motor  size  is  equal  to  the  screen  drive  motor  on  the  existing  traveling  screens  and,  based  on  experiences 
at  Lower  Granite  and  Little  Goose,  the  electrical  loads  are  similar  [21].  Thus,  no  additional  480-volt 
electrical  power  requirements  are  anticipated  for  the  new  screens.  The  new  screens  do  require  limit 
switches  and  PLCs  to  control  the  operation  of  the  brush  bar;  these  loads,  however,  are  minor. 

Instrumentation  and  Controls 

Instrumentation  and  controls  issues  for  the  Type  1  SBC  at  Lower  Monumental  are  the  same  as  at  Little 
Goose  except  for  the  PLCs  for  the  ESBS  installations  as  discussed  above. 

5.3.5  Operation  and  Maintenance  Issues 

O&M  issues  for  the  Type  1  SBC  channel  at  Lower  Monumental  are  virtually  identical  to  those  at  Little 
Goose.  A  total  equivalent  of  one  and  one  half  full-time  operators  are  anticipated  to  be  required  to  handle 
the  daily  operations  of  the  SBC  system.  O&M  issues  related  to  the  new  ESBS  system  would  be  similar  to 
those  currently  experienced  with  ESBS  systems  at  other  projects,  and  are  well  documented  by 
maintenance  records.  Additional  O&M  costs  are  considered  insignificant  since  they  would  be  similar  to 
those  currently  associated  with  the  existing  STS  system. 

5.3.6  Construction  Issues 

Construction  issues  related  to  the  installation  of  the  Type  1  SBC  channel  components  at  Lower 
Monumental  are  similar  to  those  at  the  other  projects.  With  less  lockage  events,  barge  access  is  slightly 
better  than  at  Lower  Granite  and  Little  Goose.  Construction  access  and  staging  is  expected  to  be  similar. 

The  magnitude  of  construction  activities  at  Lower  Monumental  associated  with  the  installation  of  new 
ESBS  intake  screens  will  be  quite  limited  compared  to  those  associated  with  the  SBC  channel.  Screen 
installation  issues  are  expected  to  be  similar  to  ones  encountered  at  other  projects  where  they  have 
previously  been  installed.  Because  no  major  retrofit  of  existing  facilities  is  anticipated  to  accommodate 
the  screens,  and  because  most  of  the  construction  activities  involve  fabrication  off  site,  no  major 
disruptions  of  project  operations  will  likely  occur,  except  to  install  and  remove  the  screens.  Some 
operational  testing  of  the  screens  may  be  required  to  confirm  screen  porosities  and  other  screen  hydraulic 
performance  characteristics.  Testing  and  adjusting  of  the  ESBS  cleaner  equipment  may  also  be  required. 
Consequently,  some  limited  unit  outages  may  occur.  The  installation  of  these  screens  would  likely  be 
accomplished  during  the  in-water  work  window  so  as  not  to  impact  fish  collection  capabilities  at  the 
project. 


5.3.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  a  Type  1  SBC  system  at  Lower 
Monumental  is  $53,750,000  in  1998  dollars.  The  estimated  cost  for  replacing  the  existing  STS  intake 
diversion  system  with  a  new  ESBS  system  is  an  additional  $1 6,058,000.  A  cost  breakdown  is  presented  in 
spreadsheet  format  on  the  following  two  pages.  Annual  O&M  costs  are  estimated  as  follows: 
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Maintenance 

Mechanical/electrical  components 

$224,200 

Structural  components 

$131,100 

Operations 

Labor  requirements 

$120,000 

Total  annual  O&M 

$475,300 

These  O&M  costs  do  not  include  costs  associated  with  operation  and  maintenance  of  the  ESBS  diversion 
system,  juvenile  fish  facilities  or  transportation  costs.  Biological  study  costs  are  also  not  included. 

5.4  Ice  Harbor:  New  ESBS  Intake  Screens 

The  turbine  intakes  at  Ice  Harbor  are  currently  outfitted  with  a  STS  diversion  system.  System 
Combination  1  calls  for  these  existing  screens  to  be  replaced  by  a  new  ESBS  diversion  system.  The 
Issues  related  to  the  change-out  of  the  screening  systems  are  addressed  in  Section  5.3  where  a  new  ESBS 
system  is  added  in  conjunction  with  installation  of  a  Type  1  SBC  at  Lower  Monumental.  Issues  specific 
to  Ice  Harbor  are  described  as  follows, 

5.4.1  Hydraulics 

Intake  screen  performance  is  in  part  dependent  on  the  specific  turbine  intake  design  with  its  associated 
hydraulics,  and  the  length,  porosity,  and  orientation  of  the  screen.  Either  excessive  or  insufficient  head 
differentials  may  be  generated  across  the  intake  screen,  which  may  generate  excessive  or  insufficient  flow 
into  the  gate  well  and  through  the  VBS.  This  could  result  in  excessive  flow  through  the  VBS  with 
potential  for  fish  impingement  or  ineffective  fish  guidance  into  the  gate  well.  Addition  of  an  ESBS 
diversion  system  to  the  Ice  Harbor  intakes  constitutes  use  of  a  intake  screen  design  in  a  turbine  intake  that 
is  significantly  different  than  the  intakes  at  the  other  Snake  River  structures.  To  ensure  proper  operation, 
the  proposed  ESBS  design  should  be  evaluated  in  a  single  turbine  intake  model  of  sufficient  scale 
(approximately  1. 12)  to  allow  detailed  evaluation  of  the  velocity  fields  on  the  ESBS  face  and  in  the  gate 
well  entrance. 

5.4.2  Structural  Design 

Structural  design  issues  related  to  the  new  ESBS  system  at  Ice  Harbor  are  as  described  in  Section  5.3.2 
for  the  new  ESBS  system  at  Lower  Monumental. 

5.4.3  Mechanical  Requirements 

Mechanical  design  issues  related  to  the  new  ESBS  system  are  as  described  in  Section  5.3.3  for  the  new 

ESBS  system  at  Lower  Monumental.  No  new  hoisting  equipment  is  anticipated  for  Ice  Harbor  related  to 
this  new  construction. 

5.4.4  Electrical  Requirements 

Electrical  requirements  for  the  new  ESBS  are  similar  to  those  for  the  existing  traveling  screens  and  no 
additional  electrical  power  considerations  are  anticipated.  See  Section  5.3.4  for  a  discussion  on  electrical 
requirements  for  the  new  screens  as  related  to  Lower  Monumental. 
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5.4.5  Operation  and  Maintenance  Issues 

Based  on  previous  experience  with  intake  diversion  screen  systems,  the  O&M  requirements  associated 
with  ESBS  systems  are  similar  to  requirements  associated  with  STS  systems.  Therefore,  replacing  the 
existing  STS  system  with  a  new  ESBS  system  should  not  result  in  a  significant  change  in  annual  O&M 
requirements  at  Ice  Harbor. 

5.4.6  Construction  Issues 

Construction  of  the  ESBS  screens  at  Ice  Harbor  will  be  same  as  described  for  Lower  Monumental  in 
Section  5.3.6. 

Construction  Duration 

Fabrication  and  installation  of  the  ESBS  system  should  take  7  to  8  months  based  on  previous 
fabrications/installation  experience  [22]. 

5.4.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  a  new  ESBS  intake  diversion  system  at 
Ice  Harbor  is  $16,058,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the 
following  page.  Annual  O&M  costs  should  be  essentially  unchanged  from  the  existing  costs  associated 
with  the  STS  intake  diversion  system. 

6.5  Combination  Summary 

5.5.1  Combined  Construction  Issues 

The  construction  aspects  of  the  combined  system  of  SBC  channels  and  other  components  at  the  four 
projects  appear  to  have  little  impact  on  each  other.  A  few  issues,  however,  are  worth  considering.  One  is 
in  the  development  of  experience  in  design,  construction,  and  fabrication  practices.  Since  so  many  of  the 
components  are  similar  from  dam  to  dam,  there  may  be  a  benefit  to  stage  construction  and  design  so  as  to 
draw  from  the  experiences  at  previous  project  installations,  A  single  contractor  engaged  for  all  the 
construction  work  would  likely  be  able  to  resolve  issues  at  subsequent  projects  more  efficiently  based  on 
previous  experience.  Should  scheduling  pressures  dictate  a  more  accelerated  construction  and  design 
schedule,  these  benefits  would  be  reduced.  There  may  also  be  cost  benefit  from  a  contracting  viewpoint. 
For  example,  a  single  supplier  of  36  ESBS  screen  systems  (18  each  for  Lower  Monumental  and  Ice 
Harbor)  may  provide  a  better  price  than  2  contractors  supplying  18  screens  each. 

5.5.2  Summary  Construction  and  O&M  Costs 

The  total  combined  estimated  engineering  design  and  construction  cost  for  the  System  Combination  1 
design  is  $202,102,000  in  1998  dollars.  Additional  costs  will  likely  be  incurred  if  prototyping  and/or 
major  hydraulic  modeling  efforts  of  system  components  are  deemed  to  be  required,  as  is  discussed  in 
Section  4.2,  Some  savings  in  cost  may  be  experienced  due  to  efficiency  of  repetitive  design  and 
construction,  as  discussed  in  Section  5.5.1.  However,  this  potential  savings  has  not  been  estimated  as  part 
of  this  report. 
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A  summary  of  the  estimated  costs  by  project  is  shown  below. 

Estimated  Engineering  Design  and  Construction  Cost  -  System  Combination  1 

Estimated 


Project 

Description 

Construction  Cost 

Lower  Granite 

Type  1  SBC  (with  existing  ESBS) 

$61,449,000 

Little  Goose 

Type  1  SBC  (with  existing  ESBS) 

$53,787,000 

Lower  Monumental 

Type  1  SBC 

$53,750,000 

Lower  Monumental 

New  ESBS 

$16,058,000 

Ice  Harbor 

New  ESBS 

$16,058,000 

System  Combination  Subtotal 

$201,102,000 

Feasibility  Studies 

$1,000,000 

Total  Estimated  Construction  Cost 

$202,102,000 

The  total  annual  O&M  costs  for  System  Combination  1  are  estimated  to  be  $1,481,200  in  1998  dollars. 
These  O&M  costs  represent  estimated  increases  in  annual  requirements  and  do  not  include  existing  costs 
associated  with  O&M  of  the  intake  diversion  screen  systems,  existing  juvenile  fish  facilities,  or 
transportation  costs.  Biological  study  costs  are  also  not  included.  A  summary  of  the  SBC  O&M  costs  by 
project  is  shown  below. 


Estimated  SBC 
Project 
Lower  Granite 
Little  Goose 
Lower  Monumental 
Ice  Harbor 


Operation  and  Maintenance  Cost  -  System  Combination  1 

Description  Estimated  O&M  Cost 

Type  1  SBC  (with  existing  ESBS)  $530,600 

Type  1  SBC  (with  existing  ESBS)  $475,300 

Type  1  SBC  (with  new  ESBS)  $475,300 

New  ESBS  |0 

Total  Estimated  Annual  O&M  Cost  $1,481,200 


5.5,3  Implementation  Schedule 

An  implementation  schedule  is  included  below.  The  assumptions  and  rationale  used  for  development  of 
the  implementation  schedule  is  provided.  The  implementation  schedule  includes  time  for  hydraulic 
model  testing  as  appropriate,  preliminary  design,  preparation  of  construction  contract  documents,  and 
construction.  The  implementation  schedule  assumes  no  funding  or  manpower  restraints.  Such  restraints 
would  likely  impact  the  schedule  included  herein. 

Lower  Granite  Dam 

The  implementation  schedule  assumes  that  hydraulic  model  testing  would  occur  in  the  year  2000.  The 
model  testing  would  include  testing  of  dewatering  features  of  a  surface  collector  used  for  fish 
transportation.  A  prototype  surface  collector  construction  contract  may  then  be  prepared  in  the  year  2001 . 
The  prototype  would  be  used  for  testing  various  dewatering  schemes  to  determine  biological  impacts  on 
fish  due  to  dewatering.  Also,  the  prototype  may  be  used  to  investigate  various  screen-cleaning  strategies. 
Construction  of  the  prototype  would  be  scheduled  for  year  2002.  Data  would  then  be  collected  in  the  year 
2003.  The  implementation  schedule  assumes  that  dewatering  and  screen  cleaning  will  both  be  found 
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feasible  from  an  engineering  and  biological  perspective.  Preliminary  and  final  designs  leading  to 
development  of  a  construction  contract  for  a  final  SBC  at  Lower  Granite  would  then  be  prepared  in  the 
years  2003  and  2004.  Construction  of  the  SBC  would  occur  in  the  years  2005  and  2006.  The  surface 
collector  would  be  operational  in  the  year  2006. 

Little  Goose  Dam 

It  is  assumed  that  final  design  of  an  SBC  structure  at  Little  Goose  Dam  would  not  proceed  until  one  year 
of  testing  at  Lower  Granite  Dam  is  complete.  The  operation  of  the  Lower  Granite  SBC  would  provide 
data  useful  for  development  of  an  improved  SBC  at  Little  Goose  Dam.  Also,  the  need  for  additional  SBC 
structures  downstream  of  Lower  Granite  could  be  reconsidered.  Preliminary  and  final  design  leading  to 
development  of  a  construction  contract  would  be  scheduled  for  years  2007  and  2008.  Construction  would 
be  scheduled  for  years  2009  and  2010.  The  surface  collector  would  then  be  operational  in  the  year  2010. 

Lower  Monumental  Dam 

It  is  assumed  the  lessons  learned  during  the  first  year  following  completion  of  the  Lower  Granite  SBC 
could  also  be  applied  at  Lower  Monumental.  Therefore,  the  implementation  schedule  for  the  SBC 
structure  would  be  the  same  as  for  Little  Goose.  The  implementation  schedule  for  the  new  ESBSs  would 
be  identical  to  that  described  for  Lower  Monumental  under  Combination  1  A. 

Ice  Harbor  Dam 

The  new  ESBSs  would  be  installed  under  the  same  schedule  as  described  for  Combination  1  A. 

5.6  System  Combination  1  Drawings 

Drawings  depicting  the  SBC  designs  which  form  System  Combination  1  are  included  on  the  following 
pages.  These  drawings  include: 

SBC  Type  1  -  Lower  Granite 

Plate  1.1.1  -  SBC  Type  1  -  Full  Powerhouse  SBC  (Existing  ESBS)  -  Site  Plan 

Plate  1.1.2  —  SBC  Type  1  -  Unit  1/2  Entrance  -  Plan  and  Sectional  Elevation 

Plate  1.1.3  -  SBC  Type  1  -  Sections 

Plate  1.1.4  -  SBC  Type  1  -  Sections  and  Details 

Plate  1.1.5  -  SBC  Type  1  -  Spillbay  1  -  Section 

Plate  1.1.6-  SBC  Type  1  -  Electrical  One-Line  Diagram 

SBC  Type  1  -  Little  Goose 

Plate  1.2.1  -  SBC  Type  1  -  Full  Powerhouse  SBC  (Existing  ESBS)  -  Site  Plan 

Plate  1.2.2  -  SBC  Type  1  -  Unit  1/2  Entrance  -  Plan 

Plate  1.2.3  -  SBC  Type  1  -  Sections 

Plate  1.2.4  -  SBC  Type  1  -  Electrical  One-Line  Diagram 

SBC  Type  1  -  Lower  Monumental 

Plate  1.3.1  -  SBC  Type  1  -  Full  Powerhouse  SBC  (New  ESBS)  -  Site  Plan 

Plate  1.3.2  -  SBC  Type  1  -  Unit  1/2  Entrance  -  Plan 

Plate  1.3.3  -  SBC  Type  1  -  Sections 

Plate  1.3.4  -  SBC  Type  1  -  Electrical  One-Line  Diagram 
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6.  System  Combination  1A — Fish  Transportation 
at  a  Reduced  Cost 


System  Combination  1A  is  a  reduced  scale  version  of  System  Combination  1  requiring  significantly 
reduced  initial  and  operational  costs.  More  significantly,  it  represents  the  most  likely  approach  to  an 
initial  installation  and  testing  phase  for  System  Combination  1.  This  combination  also  emphasizes  the 
continued  and  enhanced  use  of  the  fish  transportation  facilities.  To  facilitate  this  approach,  the  same 
collection  facilities  as  described  for  System  Combination  1  at  Lower  Granite  would  be  constructed  (SBC 
Type  1).  This  would  include  the  construction  of  a  full  length  powerhouse  SBC  channel  to  be  used  in 
conjunction  with  the  existing  ESBS  system.  At  the  lower  three  projects  (Little  Goose,  Lower 
Monumental,  and  Ice  Harbor)  only  ESBS  intake  diversion  systems  would  be  used.  Since  ESBS  already 
exist  at  Little  Goose  there  would  be  no  required  modifications  at  this  project,  and  the  existing 
diversion/bypass  facilities  would  continue  to  be  used.  At  Lower  Monumental  and  Ice  Harbor  the  existing 
STS  intake  diversion  systems  would  be  removed  and  replaced  with  ESBS  systems,  but  no  additional  SBC 
channels  would  be  constructed  to  augment  these  systems. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  1 A  are  presented  in  the  following  text,  or  referenced  to  earlier  text  where  applicable. 

6.1  Lower  Granite:  Full  Powerhouse  SBC  (with  Existing  ESBS)  -  SBC 
Type  1 

For  System  Combination  1A,  a  Type  1  SBC  channel  would  be  constructed  at  Lower  Granite.  The  SBC 
Type  1  design  is  described  in  Section  5.1  of  this  report  and  is  not  repeated  here.  As  described,  the  SBC 
channel  would  be  used  in  conjunction  with  die  existing  ESBS  intake  diversion  system  with  the  goal  of 
collecting  a  maximum  number  of  migrating  fish  from  the  Lower  Granite  reservoir  and  delivering  them  to 
the  existing  juvenile  facilities  at  the  project. 

6.2  Little  Goose:  Existing  ESBS  Intake  Screens 

The  turbine  intakes  at  Little  Goose  are  currently  outfitted  with  an  ESBS  diversion  system.  System 
Combination  1 A  calls  for  the  continued  use  of  this  system  with  no  modification.  Therefore,  no  new 
construction  or  O&M  requirements  need  to  be  addressed.  Since  no  new  construction  is  required,  and  all 
hydraulic,  structural,  and  mechanical  issues  associated  with  the  diversion  screen  system  were  presumably 
addressed  during  its  original  design,  these  issues  are  also  not  addressed  as  part  of  this  report. 

6.3  Lower  Monumental:  New  ESBS  Intake  Screens 

As  noted  earlier,  the  turbine  intakes  at  Lower  Monumental  are  currently  outfitted  with  a  STS  diversion 
system.  System  Combination  1A  calls  for  these  existing  screens  to  be  replaced  by  a  new  ESBS  diversion 
system.  The  issues  related  to  the  change-out  of  the  screening  systems  are  addressed  in  Section  5.3  where 
a  new  ESBS  system  is  added  in  conjunction  with  installation  of  a  Type  1  SBC  at  this  project.  Issues 
specific  to  Lower  Monumental  (without  the  addition  of  an  SBC  channel)  are  described  as  follows. 
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6.3.1  Hydraulics 

Discussion  related  to  the  hydraulic  performance  of  the  new  ESBS  system  at  Lower  Monumental  in 
Section  5.3.1  are  applicable  for  this  design  also,  except  that  in  this  case,  the  SBC  channel  is  not  present 
and  would  not  need  to  be  considered  in  the  hydraulic  model. 

6.3.2  Structural  Design 

Structural  design  issues  related  to  the  new  ESBS  system  at  Lower  Monumental  are  as  described  in 
Section  5.3.2. 

6.3.3  Mechanical  Requirements 

Mechanical  design  issues  related  to  the  new  ESBS  system  at  Lower  Monumental  are  as  described  in 
Section  5.3.3. 

6.3.4  Electrical  Requirements 

Electrical  requirements  for  new  ESBS  installations  at  Lower  Monumental  are  described  in  Section  5.3.4. 
No  additional  480-volt  electrical  power  requirements  are  anticipated. 

6.3.5  Operation  and  Maintenance  Issues 

O&M  of  the  ESBS  at  Lower  Monumental  will  be  same  as  described  for  Lower  Granite  in  Section  5.1.5. 

6.3.6  Construction  Issues 

Construction  issues  related  to  the  installation  of  the  ESBS  at  Lower  Monumental  will  be  same  as 
described  in  Section  5.3.6. 

6.3.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  a  new  ESBS  intake  diversion  system  at 
Lower  Monumental  is  $16,058,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  fonnat 
on  the  following  page.  Annual  O&M  costs  should  be  essentially  unchanged  from  the  existing  costs 
associated  with  the  STS  intake  diversion  system. 

6.4  Ice  Harbor:  New  ESBS  Intake  Screens 

For  System  Combination  1  A,  a  new  ESBS  diversion  system  would  be  constructed  at  Ice  Harbor.  A 
discussion  of  this  installation  at  Ice  Harbor  is  described  in  Section  5.4  of  this  report  and  is  not  repeated 
here. 
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6.5  Combination  Summary 

6.5.1  Combined  Construction  Issues 

The  principle  construction  effort  associated  with  System  Combination  1 A  is  associated  with  the 
installation  of  the  Type  1  SBC  channel  at  Lower  Granite.  The  installation  of  ESBS  screens  at  Lower 
Monumental  and  Ice  Harbor  are  seen  as  predictable  construction  activities  since  they  have  been 
accomplished  at  other  projects  which  are  similarly  configured.  Besides  the  cost  efficiency  that  might  be 
obtained  by  awarding  all  36  screens  to  a  single  contractor,  as  suggested  in  Section  5.5.1,  there  are  no 
other  combined  construction  issues  anticipated. 

6.5.2  Summary  Construction  and  O&M  Costs 

The  total  combined  estimated  engineering  design  and  construction  cost  for  the  System  Combination  1 A 
design  is  $94,565,000  in  1998  dollars.  This  represents  a  significant  savings  over  the  cost  of  System 
Combination  1.  As  previously  discussed,  if  the  ultimate  goal  of  surface  collection  on  the  lower  Snake 
River  is  to  maximize  the  effectiveness  of  fish  transportation,  then  System  Combination  1 A  would 
represent  a  prudent  first-build  design.  Additional  costs  associated  with  hydraulic  modeling  efforts  may 
also  be  reduced  over  those  associated  with  System  Combination  1 ,  since  issues  surrounding  the  use  of  the 
spillways  at  Little  Goose  and  Lower  Monumental  are  eliminated.  A  summary  of  the  estimated  costs  by 
project  is  shown  below. 


Estimated  Engineering  Design  and  Construction  Cost  -  System  Combination  1A 


Project  Description 

Lower  Granite  Type  1  SBC  (with  existing  ESBS) 

Little  Goose  Existing  ESBS 

Lower  Monumental  New  ESBS 
Ice  Harbor  New  ESBS 

System  Combination  Subtotal 
Feasibility  Studies 

Total  Estimated  Construction  Cost 


Estimated 
Construction  Cost 
$61,449,000 
$0 

$16,058,000 

$16.058.000 

$93,565,000 

$1.000.000 

$94,565,000 


The  total  annual  O&M  costs  for  System  Combination  1A  are  estimated  to  be  $530,600  in  1998  dollars. 
These  O&M  costs  are  associated  entirely  with  the  new  SBC  installation  at  Lower  Granite,  as  documented 
in  Section  5.1.7,  and  do  not  include  existing  O&M  costs  associated  with  O&M  of  the  intake  diversion 
screen  systems,  existing  juvenile  fish  facilities,  or  transportation  costs.  Biological  study  costs  are  also  not 
included. 


6.5.3  Implementation  Schedule 

An  implementation  schedule  is  included  below.  The  assumptions  and  rationale  used  for  development  of 
the  implementation  schedule  is  provided.  The  implementation  schedule  includes  time  for  hydraulic 
model  testing  as  appropriate,  preliminary  design,  preparation  of  construction  contract  documents,  and 
construction.  The  implementation  schedule  assumes  no  funding  or  manpower  restraints.  Such  restraints 
would  likely  impact  the  schedule  included  herein. 
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Lower  Granite  Dam 

The  Implementation  schedule  assumes  that  hydraulic  model  testing  would  occur  In  the  year  2000,  The 
model  testing  would  include  testing  of  dewatering  features  of  a  surface  collector  used  for  fish 
transportation.  A  prototype  surface  collector  construction  contract  may  then  be  prepared  in  the  year  2001 . 
The  prototype  would  be  used  for  testing  various  dewatering  schemes  to  determine  biological  impacts  on 
fish  due  to  dewatering.  Also,  the  prototype  may  be  used  to  investigate  various  screen-cleaning  strategies. 
Construction  of  the  prototype  would  be  scheduled  for  year  2002.  Data  would  then  be  collected  in  the  year 
2003.  The  implementation  schedule  assumes  that  dewatering  and  screen  cleaning  will  both  be  found 
feasible  from  an  engineering  and  biological  perspective.  Preliminary  and  final  designs  leading  to 
development  of  a  construction  contract  for  a  final  SBC  at  Lower  Granite  would  then  be  prepared  in  the 
years  2003  and  2004.  Construction  of  the  SBC  would  occur  in  the  years  2005  and  2006.  The  surface 
collector  would  be  operational  in  the  year  2006. 

Another  option  is  to  design  a  prototype  surface  collector  that  would  ultimately  be  used  as  a  portion  of  the 
final  surface  collector.  The  prototype  surface  collector  would  likely  consist  of  an  SBC  spanning  the 
width  of  generator  bays  5  and  6.  Also,  the  SES  structure  would  be  constructed.  Assuming  the  prototype 
surface  collector  proves  to  be  successful,  the  remaining  two  thirds  of  the  SBC  structure  could  then  be 
designed  and  constructed.  This  approach  would  save  money  since  the  prototype  would  be  used  as  a 
portion  of  the  final  structure  instead  of  being  salvaged.  However,  the  final  layout  of  the  SBC  may  be 
different  than  described  previously  in  this  report.  The  layout  included  in  this  report  assumes  juvenile  fish 
enter  the  collection  channel  at  the  erection  bay.  However,  the  prototype  SBC  would  likely  be  located 
near  the  spillway  to  pass  the  water  exiting  through  the  dewatering  screens.  Therefore,  a  more  appropriate 
entrance  to  the  fish  channel  would  be  near  the  central  non-overflow,  similar  to  that  described  for  the 
Adaptive  Migration  Strategy  option  for  Lower  Granite.  It  is  likely  the  layout  of  the  SBC  components 
could  be  reconfigured  without  any  significant  conceptual  changes  to  the  design. 

Little  Goose  Dam 

No  new  work  is  scheduled  for  this  dam. 

Lower  Monumental  and  Ice  Harbor  Dams 

Both  of  these  projects  have  the  same  implementation  schedule.  The  work  involves  installation  of  ESBSs 
to  replace  existing  submerged  travelling  screens.  The  new  ESBSs  would  likely  be  similar  to  those 
installed  at  Lower  Granite  and  Little  Goose  Dams.  However,  there  would  likely  be  some  differences. 
Therefore,  hydraulic  model  testing  is  assumed  for  the  year  2001  to  help  determine  the  best  design  for 
Lower  Monumental  and  Ice  Harbor  Dams.  The  results  of  the  model  testing  would  be  used  for 
development  of  a  construction  contract  for  just  three  screens  at  each  project.  It  is  felt  that  three  screens 
should  be  tested  at  each  project  before  investing  a  large  amount  of  money  in  all  the  screens.  Design, 
construction,  and  installation  of  the  three  screens  at  each  project  would  be  scheduled  for  the  year  2002. 
The  screens  would  be  tested  at  each  project  in  the  year  2003.  The  schedule  assumes  that  the  screens  will 
be  effective  with  a  minimum  of  design  modifications  required  for  the  remaining  screens.  Development  of 
a  contract  for  construction  and  installation  of  the  remaining  screens  would  then  be  scheduled  for  year 
2004  with  construction  and  installation  scheduled  for  completion  in  year  2005. 
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7.  System  Combination  2 — Emphasis  on  Inriver 
Passage 

The  migration  strategy  for  System  Combination  2  is  to  focus  on  effective  diversion  of  the  fish  away  from 
the  turbines  while  emphasizing  inriver  migration,  and  de-emphasizing  transportation.  For  this 
combination,  all  four  projects  would  be  outfitted  with  a  full-length  powerhouse  SBC  channel.  However, 
these  channels  would  not  include  dewatering  screens  and  the  fish  would  be  passed  directly  downstream  to 
the  tailrace  through  modified  spill  flow  (SBC  Type  2).  To  maximize  effective  diversion  away  from  the 
turbines,  ESBS  intake  diversion  systems  would  be  used  in  conjunction  with  the  channels  at  all  four 
projects  to  divert  fish  which  might  pass  under  the  channels  and  into  the  turbine  intakes.  Fish  diverted  by 
the  ESBS  systems  would  continue  to  be  directed  to  the  juvenile  transportation  facilities  where  a  reduced 
transportation  program  could  still  be  operated,  or  these  fish  could  be  delivered  directly  into  the  tailrace  at 
that  location. 

As  previously  described.  Lower  Granite  and  Little  Goose  already  have  ESBS  systems,  and  these  would 
continue  to  be  used  in  conjunction  with  the  new  SBC  channels.  The  STS  systems  at  Lower  Monumental 
and  Ice  Harbor  would  be  removed  and  replaced  with  new  ESBS  systems. 

Detailed  descriptions  of  the  SBC  facilities  at  each  project  which  make  up  System  Combination  2  are 
presented  in  the  following  text,  or  referenced  to  earlier  text  where  applicable. 

7.1  Lower  Granite:  Full  Powerhouse  Bypass  SBC  (with  Existing 
ESBS)  -  SBC  Type  2 

Like  the  SBC  Type  1  design,  the  goals  of  the  Type  2  SBC  channel  include  providing  a  collector  channel 
at  the  powerhouse  designed  to  attract  fish  away  from  the  turbine  intakes.  However,  unlike  the  Type  1 
SBC,  the  operational  goal  of  this  channel  is  to  deliver  the  fish  with  the  full  flow  directly  to  the  tailrace, 
wdth  no  dewatering  of  the  flow  taking  place  (i.e.,  no  dewatering  screens).  An  additional  goal  of  this 
design  is  to  provide  a  discharge  for  the  channel  that  is  a  surface  withdrawal  (rather  than  a  pressurized 
release)  which  also  minimizes  the  impact  on  the  ability  of  the  project  to  pass  flood  flows.  Plans  and 
details  of  the  SBC  Type  2  design,  as  installed  at  Lower  Granite,  are  shown  on  Plates  2.1.1  through  2.1.5, 
in  Section  7.6. 

This  full  flow  bypass  design  (SBC  Type  2)  at  Lower  Granite  includes  a  floating  SBC  channel  that  spans 
across  the  entire  upstream  face  of  the  powerhouse  intake  structure.  The  channel  is  21.3  meters  (70  feet) 
deep  by  14.0  meters  (46  feet)  wide  with  three  collector  entrances  along  the  upstream  wall,  similar  to  the 
Type  1  design.  As  with  all  the  designs  evaluated  in  this  report,  ESBS  intake  diversion  screens  would  be 
used  in  conjunction  with  the  SBC.  Because  the  screens  are  existing  at  Lower  Granite,  no  modifications 
are  required  to  add  them.  The  channel  extends  from  the  south  end  of  powerhouse  Unit  1  to  the  middle  of 
Spillbay  1.  The  floating  structure  connects  to  a  fixed  spillway  extension  structure  (SES)  extending  15.2 
meters  (50  feet)  east  from  the  face  of  the  southern  half  of  Spillbay  1.  Spillbay  1  is  modified  to  form  a 
4.88-meter  (16-foot)-wide  overflow  ogee  with  crest  elevation  216.7  meters  (710.8  feet)  for  surface 
withdrawal  from  the  SBC  channel.  The  northern  half  of  the  spillbay  is  preserved  at  its  frill  depth  and  will 
function  in  the  same  manner  as  the  other  seven  spillbays,  except  at  about  half  the  discharge. 

Modifications  of  the  spillbay  include  construction  of  a  new  2.74-meter  (9.0-foot)-wide  pier  and  trunnion 
block  at  approximately  the  middle  of  the  spillbay  to  define  the  southern  extent  of  the  full  depth  spillbay 
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leaving  a  7.6-meter  (25-foot)-wide  spillway.  The  southern  half  of  the  spillway  will  be  filled  with  concrete 
to  define  the  new  higher  ogee  crest. 

A  new  underflow  vertical  leaf  gate  is  provided  at  the  elevated  ogee  for  on/off  control  of  the  SBC  channel 
discharge.  During  normal  operation  of  the  channel,  the  leaf  gates  are  hoisted  out  of  the  flow  path 
allowing  free  overflow  at  the  weir  within  the  normal  SBC  operating  range  of  223.4  meters  to  224.9 
meters  (733.0  feet  to  738.0  feet).  At  forebay  elevations  above  224.9  meters  (738.0  feet)  the  leaf  gates 
would  either  close  completely  or  could  throttle  flow.  Presumably,  forebay  elevations  higher  than  224.9 
meters  (738.0  feet)  would  be  outside  the  operating  window  of  the  SBC  fish  passage  requirements  and 
passage  of  flow  through  the  SBC  during  these  periods  would  be  strictly  for  the  purpose  of  adding  spill 
capacity  during  flood  discharge. 

To  accommodate  the  narrower  spillway  at  the  northern  half  of  Spillbay  1,  the  existing  15.2-meter  (50- 
foot)-wide  Tainter  gate  at  Spillbay  1  would  be  removed  and  replaced  with  a  new,  narrower  Tainter  gate 
sized  to  fit  the  reduced  spillbay  width  of  7.6  meters  (25  feet).  At  project  flood  forebay  elevation  of  227.5 
meters  (746.5  feet),  it  is  anticipated  that  Spillbay  1  in  its  modified  condition,  in  combination  with  the 
SBC  capacity,  would  be  able  to  pass  over  1,840  m3/s  (65  kefs)  or  about  60  percent  of  its  premodified 
capacity.  As  shown  on  Figure  7.1,  the  modifications  to  Spillbay  1  would  result  in  a  total  project 
discharge  capacity  of  about  22,900  m3/s  (810  kefs),  or  over  95  percent  of  the  unmodified  project  capacity 
of 24,100  m3/s  (850  kefs).  The  portion  of  this  total  project  capacity  which  would  be  released  through  the 
SBC  would  be  approximately  340  m3/s  (12  kefs). 

There  are  three  approaches  that  might  be  taken  to  fully  restore  the  project  spill  capacity  to  existing  level 
while  maintaining  the  SBC  discharge  location  at  Spillbay  1,  if  this  should  be  required.  These  include: 

•  lowering  the  crest  of  the  north  half  of  Spillbay  1  by  up  to  9.75  meters  (32  feet) 

•  lowering  the  crest  of  the  north  half  of  Spillbay  1  and  the  other  7  bays  by  0.76  meter  (2.5  feet) 

•  construction  of  a  new  overflow  spillway  in  the  area  of  the  existing  embankment. 

Given  the  extensive  work  required  to  accomplish  any  of  these  solutions,  it  may  be  possible  that  none  of 
these  approaches  is  feasible  from  an  economic  standpoint.  In  the  case  of  the  spillway  modifications,  this 
level  of  modification  to  the  spillbay  crests  not  only  involves  lowering  and  reshaping  of  the  spillway 
ogees,  but  will  also  require  significant  modification  to  the  Tainter  gates  or  possibly  full  replacement.  The 
cost  for  construction  of  a  new  overflow  spillway  would  likely  be  prohibitive,  approaching  by  some 
estimates  to  be  nearly  $300  million  dollars  [23]. 

As  an  alternative,  should  maintaining  the  existing  spill  capacity  be  required  and  the  above  described 
modifications  are  determined  to  be  unfeasible,  the  location  of  the  SBC  discharge  may  be  transferred  to  an 
alternate  location,  eliminating  the  obstruction  at  Spillbay  1  altogether.  A  conceptual  layout  of  a  design  at 
Lower  Granite  for  providing  the  SBC  discharge  at  the  central  non-overflow  section  was  investigated  in 
the  SBC  Conceptual  Design  Report.  In  that  report,  the  investigation  was  related  to  a  full  flow  bypass 
SBC  referred  to  as  Option  7,  which  is  virtually  identical  to  the  Type  2  SBC.  In  this  report,  the  conceptual 
layout  is  presented  in  Attachment  A  where  the  alternative  is  shown  in  sketches  as  applied  to  the  Type  2 
and  Type  3  designs.  Construction  cost  estimates  for  each  of  these  designs  with  the  alternative  discharge 
location,  as  well  as  hydraulic  profiles  in  the  discharge  chute,  are  also  included.  Issues  related  to  structural 
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stability  and  hydraulics  were  reviewed  in  the  context  of  Option  7  from  the  SBC  Conceptual  Design 
Report.  In  this  design,  a  4.88-meter  (16-foot)-wide  concrete  channel  is  excavated  through  the  central 
non-overflow  section  and  a  concrete  discharge  chute  is  constructed  on  the  tailrace  side  of  the  section 
discharging  near  the  position  of  the  south  training  wall.  Although  feasible,  this  design  also  raises  a 
number  of  issues.  These  include: 

•  Excavation  of  the  channel  through  the  central  non-overflow  section  would  interrupt  the  service 
gallery  and  the  juvenile  fish  gallery  in  that  part  of  the  structure.  Also,  the  elevator  machinery 
room  would  be  impacted  requiring  relocation  of  that  equipment.  The  drainage  gallery  access 
shaft  would  also  be  interrupted.  Provisions  for  restoring  the  functionality  of  these  items  would 
have  to  be  made. 

•  The  discharge  chute  located  on  the  downstream  side  of  the  central  non-overflow  section  will  have 
a  number  of  impacts  on  the  fish  facilities  located  underneath  the  tailrace  deck. 

•  The  discharge  chute  structure  will  obstruct  access  to  the  fishway  transverse  bulkhead.  This 
bulkhead  will  need  to  be  relocated  to  the  south  to  maintain  its  function. 

•  A  number  of  other  fishway  gates  will  also  be  impacted  depending  on  the  amount  of  overhead 
space  required  for  access  and  maintenance. 

•  The  crane  rails  at  the  north  end  will  no  longer  be  accessible  because  the  structure  will  block 
access. 

•  The  flip  lip  elevation  at  the  bottom  of  the  chute,  as  shown  in  the  sketches,  is  assumed  to  be  at  the 
same  elevation  as  the  existing  spillway  flip  lips.  Investigation  would  be  required  to  determine  if 
this  is  appropriate. 

•  The  tailrace  at  the  proposed  discharge  point  is  approximately  19.2  meters  (63  feet)  deep  at  normal 
tailwater  of  194.5  meters  (638  feet)  and  erosional  issues  are  assumed  to  be  minimal  due  to  the 
considerable  depth  at  this  location.  This  would  have  to  be  investigated  further  to  confirm  this 
assumption. 

•  The  discharge  chute  was  routed  straight  through  the  non-overflow  section  and  not  turned  either 
left  or  right.  This  position  allows  for  the  spillway  and/or  powerhouse  flow  to  be  used  as  training 
flow  if  desired,  but  may  affect  adult  fish  attraction  conditions  at  the  ladder  entrances. 

While  these  issues  would  have  to  be  resolved,  the  feasibility  of  the  central  non-overflow  discharge 
alternative,  from  an  engineering  and  cost  perspective,  is  considered  to  be  better  than  the  spillway 
modification  alternatives  if  the  existing  spill  capacity  needs  to  be  maintained.  Compared  to  the  cost  of  the 
Type  2  SBC  discharging  at  Spillbay  1,  it  is  estimated  that  locating  the  discharge  at  the  central  non¬ 
overflow  section  would  decrease  the  cost  of  the  Type  2  SBC  design  at  Lower  Granite  by  about  $3  million 
or  roughly  6.3  percent.  However,  this  review  of  the  cost  only  addresses  the  construction  of  the  SBC 
components,  and  did  not  include  estimates  of  costs  associated  with  resolution  of  the  interferences  or 
problems  listed  above.  Final  design,  including  resolution  of  these  issues,  may  result  in  a  cost  closer  to 
that  of  the  spillway  discharge  design  proposed  for  Lower  Granite. 

Application  of  a  discharge  location  at  the  central  non-overflow  section  appears  to  be  feasible  at  the  other 
dams  as  well.  Little  Goose  and  Lower  Monumental,  which  are  almost  identical  to  Lower  Granite,  share 
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similar  concerns  with  similar  interferences.  Therefore,  it  can  be  assumed  that  construction  costs  would  be 
similar  at  these  projects.  While  configured  somewhat  differently  than  the  other  projects,  Ice  Harbor  also 
has  a  similar  central  non-overflow  section  through  which  routing  of  an  excavated  channel  appears 
feasible.  The  deck  at  the  tailrace  side  of  the  monolith  at  Ice  Harbor  has  fewer  apparent  conflicts  than  at 
the  other  projects  and  may  present  fewer  operational  concerns.  The  existing  layout  of  the  powerhouse 
and  spillway  at  Ice  Harbor,  and  the  shallower  SBC  channel,  result  in  an  estimated  savings  of 
approximately  half  of  that  estimated  for  Lower  Granite  (about  $1.7  million).  Once  again,  these  costs  do 
not  reflect  resolution  of  potential  interferences  identified  in  final  design  which  may  offset  any  cost 
savings. 

Prior  to  undertaking  any  modifications  to  restore  the  full  design  discharge  capacity  of  the  project,  a 
review  of  the  design  flood  flow  should  be  performed  in  light  of  the  fact  that  the  flood  of  record  is  1 1,600 
m  /s  (409  kefs)  and  considerable  flood  storage  capacity  exists  at  the  projects  upstream. 

The  SBC  channel  has  three  vertical  entrances  through  the  upstream  wall.  The  entrances  are  located  near 
the  unit  joints  between  Units  1  and  2,  3  and  4,  and  5  and  6.  Flow  through  each  entrance  is  approximately 
56.6  m3/s  (2,000  cfs),  for  a  combined  SBC  collection  flow  of  170  m3/s  (6,000  cfs),  when  the  forebay  is  at 
the  MOP  of  223.4  meters  (733.0  feet).  For  this  design  the  entrances  do  not  have  full  height  debris  racks 
since  most  debris  entrained  in  the  flow  would  simply  pass  though  the  system  to  the  tailrace.  This  reduces 
the  equipment  and  operational  requirements  associated  with  keeping  the  racks  clean.  If  the  entrances  are 
left  completely  open  to  the  surface,  there  is  a  possibility  that  very  large  floating  debris  could  enter  the 
channel  and  get  hung  up  in  the  conduits.  To  minimize  the  potential  for  this,  a  debris  skirt  is  placed  in 
front  of  the  entrance.  Similar  to  the  Type  1  trash  rack,  this  is  a  semi-circular  shape  with  a  6.1 -meter  (20- 
foot)-radius,  but  rather  than  being  the  frill  entrance  height,  it  extends  only  about  1.5  meters  (5  feet)  deep. 
Also,  the  bar  spacing  would  be  increased  from  0.31  meter  (1  foot)  to  as  much  as  0.91  meter  (3  feet).  This 
is  shown  on  the  drawings  for  all  four  projects,  but  in  a  final  analysis  the  benefit  of  including  this  debris 
skirt  should  be  assessed  on  a  project-by-project  basis.  No  provision  for  mechanical  raking  of  this  skirt  is 
provided.  Maintenance  is  assumed  to  be  perfonned  from  above  the  skirt  utilizing  a  handheld  rake,  or  the 
project  crane  for  large  items.  There  may  be  a  biological  benefit,  however,  in  allowing  a  debris  mat  to 
form  in  front  of  the  entrance  providing  a  safe  area  for  migrating  juveniles. 

The  fish  enter  the  channel  through  the  entrances,  which  are  4.87  meters  (16  feet)  wide  and  21.3  meters 
(70  feet)  high.  The  floor  of  the  channel  coincides  with  the  bottom  of  the  entrances  located  21.3  meters 
(70  feet)  below  the  forebay  water  surface.  After  entering  the  channel  the  fish  are  diverted  90-degrees  to 
the  north.  Each  entrance  is  associated  with  an  individual  transport  conduit.  As  shown  in  the  channel 
cross  section  on  Plate  2.1.3,  the  conduit  from  Entrance  1/2  can  be  conveniently  located  under  the  flotation 
cell  on  the  downstream  side  of  the  channel.  In  this  way  the  overall  channel  width  can  be  minimized. 
Although  the  natui  al  lighting  in  this  section  of  conduit  will  be  diminished,  the  flow  velocity  is  high 
enough  that  it  is  unlikely  fish  will  avoid  continuing  down  the  conduit.  However,  if  this  is  viewed  as  a 
concern,  the  overall  channel  could  be  widened  to  provide  room  for  a  fully  open  conduit  or  the 
downstream  flotation  cell  could  be  moved  to  the  outboard  side  of  the  channel  wall.  The  width  of  each 
individual  conduit  narrows  down  to  1.83  meters  (6  feet)  and  is  maintained  at  this  constant  width  up  to  the 
northern  part  of  powerhouse  at  Unit  6  where  all  three  conduits  combine  together  to  form  a  single  conduit 
of  6. 1 -meter  (20-foot)-width.  The  floor  of  the  conduits  slopes  up  through  the  section  where  the  conduits 
come  together.  The  combined  conduit  then  gradually  converges  to  a  width  of  4.88  meters  (16  feet)  in 
front  of  the  central  non-overflow  section  of  the  dam  where  the  conduit  makes  a  90-degree  turn  toward  the 
west  and  joins  the  fixed  SES  attached  to  the  upstream  face  of  the  southern  half  of  Spillbay  1.  All  the  flow 


H:\WP\1346\Appendices\FEIS\E  -  Major  Sys  Imp\CainRdy'\Aimexes\Aimex  B\AnnexB.doc 


E-B-101 


Appendix  E 


that  enters  through  the  collector  entrances  travels  through  the  transport  conduits,  into  the  SES  and 
ultimately  over  the  overflow  ogee  to  the  tailrace.  Therefore,  the  portion  of  the  channel  outside  the 
conduits  but  internal  to  the  channel  structure  is  not  exposed  to  the  normal  channel  flow.  The  outer  wall  of 
the  channel  is  required  to  lead  the  fish  toward  the  entrances  as  well  as  perfonn  structural  functions  for  the 
channel.  This  requires  that  some  means  of  allowing  for  exchange  of  the  water  in  this  area  is  provided  to 
keep  the  water  from  becoming  overly  stagnant  or  filling  due  to  rain  fall.  It  is  suggested  that  the  floor  of 
the  channel  in  these  areas,  and  possibly  the  lower  portions  of  the  walls,  could  be  perforated  to  allow  for 
water  exchange. 

Like  the  Type  1  SBC  channel,  a  cutoff  wall  has  been  included  below  the  channel  at  the  northern  end  of 
the  Unit  6  intake  to  preclude  fish  movement  beneath  the  north  end  of  the  channel  into  the  Unit  6  intake. 
The  wall  design  would  be  similar  to  that  described  in  Section  5.1  for  the  Type  1  SBC  channel. 

7.1.1  Hydraulics 

Floating  Structure  Issues 

The  hydraulic  advantages  of  the  floating  structure  previously  described  for  the  Type  1  SBC  in  Section 

5.1.1  also  apply  in  this  case.  The  only  hydraulic  disadvantage  of  the  floating  structure  is  the  complexity 
of  the  connection  between  the  floating  channel  and  the  fixed  dam  structure.  This  will  occur  at  the  north 
end  of  the  floating  channel,  where  the  SBC  channel  connects  to  the  fixed  SES  attached  to  the  southern 
half  of  Spillbay  1  (see  Plate  2.1.4). 

The  invert  of  the  SES  at  the  connection  is  at  elevation  21 0.3  meters  (690.0  feet).  The  invert  of  the 
floating  SBC  structure  will  vary  between  elevations  206.8  meters  (678.5  feet)  and  213.7  meters  (701  feet) 
for  corresponding  forebay  elevations  of  220.7  meters  (724  feet)  when  the  forebay  is  drafted  and  227.6 
meters  (746.5  feet)  during  a  flood  surcharge,  respectively.  The  connection  should  allow  an  extreme 
differential  vertical  movement  of  the  floating  structure  of  6.89  meters  (22.5  feet).  During  normal 
operation  of  the  SBC  channel,  there  will  either  be  a  step  up  of  0.75  meter  (2.5  feet)  at  minimum  normal 
operating  pool  or  a  step  down  of  0.75  meter  (2.5  feet)  at  maximum  normal  operating  pool.  Minor  flow 
separations  can  be  expected  immediately  downstream  of  the  step  (near  the  bottom  of  the  conduit)  in  the 
step  down  condition.  However,  the  upward  sloping  SES  floor  will  be  helpful  in  minimizing  the  zone  of 
separation  to  some  extent.  Moreover,  the  velocity  from  the  SBC  channel  to  the  SES  will  be  about  3.2  m/s 
(10.5  ft/s)  under  the  maximum  operating  pool  condition,  which  is  higher  than  the  trapping  velocity  and  it 
is  unlikely  any  fish  will  get  a  chance  to  enter  the  separation  zone.  At  a  surcharged  pool  elevation  of  227.6 
meters  (746.5  feet),  there  will  be  a  step  drop  of  3.35  meters  (1 1  feet)  in  the  conduit  invert  from  the  SBC 
channel  to  the  SES.  Since  this  forebay  elevation  is  not  within  the  normal  operating  range  of  the  SBC 
channel,  hydraulic  and  fish  behavior  anomalies  associated  with  this  drop  are  not  deemed  to  be  significant. 
Alternatively,  the  elevation  of  the  SES  invert  could  be  21 1.1  meters  (692.5  feet)  resulting  in  a  smooth 
invert  transition  at  high  normal  operating  pool  and  a  step  up  of  1.52  meters  (5  feet)  at  low  normal 
operating  pool.  This  would  be  a  decision  to  be  made  during  final  design  based  on  hydraulic  analysis  and 
biological  considerations. 

Collector  Entrances  and  Transport  Conduits 

Each  of  the  three  SBC  entrances  is  21.3  meters  (70  feet)  deep  by  4.88  meters  (16  feet)  wide.  A  combined 
flow  of  170  m3/s  (6,000  cfs)  enters  the  channel  when  the  forebay  is  at  MOP  elevation  223.4  meters  (733 
feet).  Since  the  flow  through  the  channel  is  dictated  by  the  available  energy  head  upstream  of  the  ogee 
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crest  at  the  surface  discharge,  and  since  the  energy  head  is  a  function  of  the  forebay  elevation,  the 
entrance  flow  will  be  higher  at  higher  forebay  levels.  At  the  MOP  of  224.9  meters  (738  feet),’ the  total 
flow  will  be  235  m  /s  (8,300  cfs),  while  at  the  flood  pool  elevation  of 227.5  meters  (746.5  feet)  the  total 
flow  through  all  the  entrances  will  be  approximately  340  m3/s  (12,000  cfs).  This  should  be  compared  to 

the  1,504  m  /s  (53,125  cfs)  spill  capacity  for  half  of  an  unmodified  spillbay  to  represent  the  total  lost 
spillway  capacity. 

Distribution  of  flow  through  each  of  the  three  entrances  should  be  relatively  uniform  with  the  proposed 
channel  design.  At  elevation  223.4  meters  (733  feet),  the  headloss  due  to  friction  through  the  longest 
conduit  would  be  approximately  46  millimeters  (1.8  inches)  resulting  in  a  difference  in  the  entrance  flow 
rates  of  approximately  2.5  m3/s  (88  cfs)  between  Entrance  1/2  and  Entrance  5/6.  This  difference  would 
increase  somewhat  for  the  forebay  at  elevation  224.9  meters  (738  feet). 

The  approximately  56.6  m3/s  (2,000  cfs)  attraction  flow  enters  each  entrance  at  a  velocity  of  0.55  m/s  (1  8 
ft/s)  when  the  forebay  elevation  is  223.4  meters  (733  feet).  For  the  purpose  of  discussion  of  hydraulics 
the  minimum  noimal  pool  at  elevation  223.4  meters  (733.0  feet)  is  assumed  and  the  subsequent  hydraulic 
analysis  corresponds  to  this  design  condition. 

Immediately  downstream  of  each  entrance,  the  entrance  conduit  makes  a  90-degree  turn  to  north.  The 
width  of  the  conduit  remains  constant  at  4.88  meters  (16  feet)  through  the  bend.  There  is  a  guide  wall 
along  the  centerlme  of  the  bend  to  achieve  the  desired  width  to  radius  ratios  to  minimize  flow  separation. 
Flow  velocity  in  each  conduit  remains  constant  from  its  entrance  to  the  end  of  the  bend  where  the  conduit 
starts  a  gradual  contraction  from  4.88  meters  (16  feet)  wide  to  1 .83  meters  (6  feet)  wide  within  an 
approximate  conduit  length  of  21.3  meters  (70  feet).  The  average  velocity  is  increased  to  1.45  m/s  (4.76 
ft/s)  through  the  contraction.  After  the  contraction,  each  conduit  remains  at  constant  depth  and  width  up 

to  the  location  where  the  three  conduits  join  (Plate  2.1.2). 

There  is  a  gradually  sloping  floor  just  prior  to  where  the  three  conduits  combine  into  one.  The  conduit 
floor  rises  at  this  section  from  21.3  meters  (70  feet)  to  13.9  meters  (45.5  feet)  deep.  After  the  floor  rises 
to  this  depth  the  three  conduits  combine  into  a  single  conduit  which  is  6. 1  meters  (20  feet)  wide.  The 
width  of  the  combined  conduit  then  narrows  from  6.1  meters  (20  feet)  to  4.88  meters  (16  feet)  within  a 
conduit  length  of  9.14  meters  (30  feet)  before  turning  west  to  connect  to  the  SES. 

After  the  sloped  rise,  the  conduit  invert  remains  constant  up  to  the  SES.  The  transport  velocity 
accelerates  from  2.01  m/s  (6.59  ft/s)  to  2.51  m/s  (8.24  ft/s)  along  the  contracting  section.  Velocity  then 
remains  essentially  constant  to  the  SES.  The  flow  in  the  Unit  5/6  transport  conduit  enters  the  converging 
section  at  an  angle.  The  convergence  and  bend  areas  represent  a  relatively  active  hydraulic  area  and  a 
model  study  of  this  portion  of  the  channel  would  likely  be  required  to  ensure  smooth  flow  transitions. 

Spillway  Extension  Structure 

The  primary  objective  of  the  fixed  SES  is  to  provide  connection  between  the  floating  and  the  fixed 
structure  beyond  the  zone  of  influence  of  an  open  adjacent  spillbay  at  flood.  The  zone  of  influence  is 
defined  as  the  distance  from  the  gate  within  which  there  will  be  a  noticeable  drawdown  of  the  water 
surface.  It  was  felt  that  placement  of  a  floating  structure  in  close  proximity  to  a  highly  variable  water 
surface,  as  would  be  the  case  near  a  spillway  discharging  at  flood  levels,  would  place  unneeessaiy 
burdens  on  the  design  of  the  floating  structure.  It  was  concluded  from  an  approximate  analysis  that  the 
zone  of  influence  will  be  about  15.2  meters  (50  feet)  upstream  from  the  crest  of  the  spillway. 
Consequently,  the  length  of  the  SES  has  been  established  at  approximately  12.8  meters  (42  feet)  upstream 
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of  the  spillway  piers  or  about  19.8  meters  (65  feet)  upstream  of  the  centerline  of  the  full  depth  spillway 
ogee  crest.  The  conduit  invert  in  the  SES  rises  linearly  from  elevation  210.3  meters  (690  feet)  at  the 
connection  with  the  channel  up  to  approximately  the  crest  of  the  ogee  at  elevation  216.7  meters  (710.8 
feet).  Along  the  SES  the  transport  velocity  varies  from  approximately  2.66  m/s  (8.72  ft/s)  to  critical 
velocity  of  6.98  m/s  (22.9  ft/s)  at  the  crest  of  the  ogee.  The  final  design  of  the  SES  for  the  Type  2  SBC 
will  need  to  take  into  consideration  the  hydraulics  of  the  half-width  spillbay  which  will  be  created 
immediately  to  the  north.  Hydraulic  analysis  or  modeling  should  be  done  to  determine  if  special 
consideration  needs  to  be  made  concerning  the  design  of  the  north  wall  of  the  SES. 

Overflow  Ogee 

As  mentioned  earlier,  flow  through  the  SBC  system  depends  on  the  available  energy  head  upstream  of  the 
crest  of  the  ogee.  To  calculate  the  elevation  of  the  new  ogee  crest,  the  energy  losses  through  the  system 
up  to  the  SES  were  estimated  and  a  weir  coefficient  based  on  the  approach  conditions  was  established 
from  available  literature.  The  crest  elevation  was  set  at  elevation  216.7  meters  (710.8  feet)  to  pass  170 
m3/s  (6,000  cfs)  discharge  over  the  uncontrolled  ogee,  with  the  forebay  at  the  MOP.  The  value  of  the 
weir  coefficient  will  increase  with  higher  approach  flow  velocity  and  increasing  head  and  approach  depth 
as  the  forebay  level  increases.  Based  on  a  re-evaluation  of  the  coefficient  and  losses  at  the  maximum 
operating  pool,  discharge  at  these  conditions  was  estimated  to  be  235  m3/s  (8,300  cfs).  Details  of  this 
calculation  are  included  in  Attachment  A.  For  proper  estimation  of  the  weir  coefficient,  and  to  optimize 
the  approach  flow  shaping  in  the  SES,  a  model  study  should  be  performed.  Additionally,  the  adequacy  of 
the  existing  spillway  deflector  design  considering  this  new  ogee  shape  at  a  variety  of  tailwater  conditions 
should  be  investigated.  The  shape  of  the  proposed  ogee  is  presented  on  Plate  2.1.4 

ESBS  Performance 

As  with  the  Type  1  SBC,  the  presence  of  the  Type  2  SBC  will  modify  velocity  magnitudes  and 
distribution  in  the  turbine  intake.  This  will  result  in  modification  of  the  velocity  field  intercepted  by  the 
ESBS.  Changes  in  the  velocity  field  across  the  ESBS  and  flow  balance  across  the  VBS  will  likely  be 
modified.  Influence  of  the  SBC  on  ESBS  performance  should  be  evaluated  in  a  single  turbine  intake 
model.  Changes  in  ESBS  porosity  may  be  required. 

Cutoff  Wall 

The  cutoff  wall  is  positioned  with  flow  on  one  side  accelerating  into  the  turbine  intake  and  with  relatively 
static  flow  conditions  on  the  other  side.  This  will  generate  differential  loading  on  the  wall.  This  loading 
should  be  evaluated  through  use  of  a  power  house  sectional  hydraulic  model. 

7.1.2  Structural  Design 

Floating  Channel  Issues 

Cross  sections  of  the  Type  2  SBC  channel  at  Lower  Granite  are  shown  on  Plate  2.1.3.  The  structural 
discussion  in  Section  5.1.2  for  the  Type  1  channel  is  applicable  to  this  design  as  well,  with  a  few  notable 
exceptions.  Because  there  are  no  screens  or  other  mechanical  equipment  in  the  collection  channel,  the 
structural  aspects  are  more  simplified  than  with  the  Type  1  design.  Some  structural  members  are 
anticipated  in  the  flow  path,  but  these  will  be  minimized  to  the  extent  possible  and  will  be 
hydrodynamically  shaped.  This  will  be  done  for  both  fish  protection  and  to  minimize  debris  build  up. 
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The  horizontal  restraint  and  dam  stability  issues  for  the  channel  attachment  to  the  dam  are  likewise 
applicable  to  this  design  and  a  fused  attachment  utilizing  shear  pins  is  proposed  for  attachment  of  the 
channel  to  the  dam  as  well. 

Since  the  Type  2  channel  has  no  dewatering  screens,  the  total  headloss  through  the  channel  system  is 
substantially  reduced.  Therefore,  the  design  of  the  channel  walls  and  floors  would  be  for  a  reduced 
pressure.  To  account  for  discharge  at  maximum  flood  pool  where  discharge  (and  headloss)  in  the  channel 
would  be  greatest,  a  design  pressure  of  0.91  meter  (3  feet)  of  water  would  be  appropriate.  This  compares 
with  a  proposed  design  pressure  of  1.52  meters  (5  feet)  of  water  for  the  screened  Type  1  channel.  This 
will  result  in  a  more  economical  design. 

Spillway  1  Modifications 

The  selected  design  for  the  channel  discharge  requires  modification  to  Spillbay  1.  A  new  2.7-meter  (9.0- 
foot)-wide  pier  wall  will  be  constructed  at  roughly  the  middle  of  the  spillbay  leaving  a  7.6-meter  (25- 
foot)-wide  spillway  ogee  on  the  northern  half,  which  would  remain  at  its  original  shape  and  elevation,  and 
a  new  4.9-meter  (16-foot)-wide  elevated  ogee  crest  would  be  constructed  on  the  southern  half.  The 
elevated  ogee  will  require  the  addition  of  approximately  500  m3  (650  cubic  yards  [yd3])  of  concrete  to 
achieve  the  required  crest  shape  while  the  new  pier  will  require  approximately  1,800  m3  (2,350  yd3)  of 
new  concrete.  Loads  to  the  new  (narrower)  pier  will  be  about  half  of  those  experienced  by  the  existing 
4.3-meter  (14-foot)-wide  piers  and  would  include  reactions  from  the  relocated  trunnion  block  for  the  new 
narrower  Tainter  gate.  The  concrete  added  to  the  spillway  section  at  Spillbay  1  will  result  in  an  overall 
increase  in  the  stability  of  the  central  non-overflow/half  spillbay  monolith. 

To  accommodate  the  new  narrower  full-depth  northern  half  of  the  spillbay,  a  Tainter  gate  with  a  width  of 
7.62  meters  (25  feet)  would  be  required.  It  may  be  possible  to  modify  the  existing  Tainter  gate  rather  than 
to  construct  a  new  one.  However,  modification  would  involve  cutting  the  gate  (which  is  a  fully  welded 
structure)  into  smaller  pieces,  removing  7.6  meters  (25  feet)  of  die  middle  portion  of  the  gate,  rewelding, 
and  reinstalling  the  gate.  The  need  to  cut  the  gate  into  smaller  pieces  would  be  required  to  allow  for 
handling  with  cranes.  This  becomes  an  issue  of  feasibility  and  overall  cost.  A  decision  to  modify  the 
gate  or  design  a  new  one  would  be  an  issue  for  final  design,  however,  it  appears  that  design  and 
installation  of  a  new  gate  would  have  the  greatest  overall  value  to  the  project.  The  new  gate  would  be 
designed  as  a  bolted  structure  to  facilitate  installation  and  would  be  designed  for  reduced  loads  due  to  the 
narrower  width.  For  the  purposes  of  estimating  cost,  it  is  assumed  that  a  new  gate  would  be  installed. 

Spillway  Extension  Structure 

The  SES  depicted  is  proposed  as  a  steel  structure  possibly  filled  with  concrete  to  increase  its  overall  mass 
and  consequently  its  dynamic  performance  in  light  of  its  proximity  to  potentially  high  velocity  flows  in 
the  area  of  the  spillway  Tainter  gate.  The  structure  would  be  bolted  to  the  face  of  the  spillway  piers  to 
secure  it  against  uplift  and  transverse  loads  due  to  hydraulic  forces  and  seismic  loads.  By  comparison  to 
the  SES  proposed  for  the  Type  1  design,  this  structure  is  much  smaller  and  is  confined  to  the  south  half  of 
the  spillbay,  which  is  monolithic  with  the  central  non-overflow  section  and  will  have  significant  concrete 
weight  added  to  it  in  the  form  of  the  raised  ogee  and  the  new  center  pier.  Therefore,  stability  of  the 
spillway  structure  and  the  central  non-overflow  section  due  to  the  presence  of  the  Type  2  SES,  even  if  it  is 
not  a  concrete  filled  structure,  is  not  compromised. 
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Channel  Cutoff  Wall 

The  structural  design  issues  described  in  Section  5.1.2  for  the  cutoff  wall  below  the  Type  1  SBC  channel 
would  be  the  same  for  this  design.  The  only  minor  difference  is  that  the  Type  2  channel  is  0.61  meter  (2.0 
feet)  wider  than  the  Type  1  channel  and  the  cutoff  wall  would,  therefore,  be  slightly  longer. 

7.1.3  Mechanical  Requirements 

Compared  to  the  Type  1  SBC  channel  design,  the  Type  2  bypass  design  has  significantly  less  mechanical 
issues  to  deal  with.  The  Type  2  design  does  not  include  dewatering  screens,  so  screen  cleaners  are  not 
required.  There  are  also  no  tilting  weirs  for  controlling  the  conduits  flow.  Because  the  fish  are  delivered 
directly  to  the  tailrace  instead  of  into  the  existing  juvenile  gallery,  there  are  no  issues  associated  with 
debris  accumulation  in  the  gallery.  However,  a  few  mechanical  requirements  unique  to  the  Type  2  design 
are  addressed  below. 

Vertical  Leaf  Gate 

A  leaf  gate  is  provided  at  the  crest  of  the  new  elevated  ogee  spillway,  as  depicted  on  Plate  2.1.4.  As 
discussed  above,  the  gate  is  an  on/off  gate  during  normal  operational  ranges  of  the  channel.  In  this  way 
the  gate  is  never  present  in  the  flow  path  when  fish  are  passing  over  the  crest.  During  flood  discharge 
conditions,  when  the  forebay  is  surcharged,  the  gate  could  be  fully  open,  closed,  or  could  throttle  flow  in 
an  underflow  configuration.  A  double  hoist  is  shown  for  the  gate  since  both  leaves  would  need  to  be 
lifted  to  fully  clear  the  water  surface  at  the  maximum  normal  operating  pool  elevation.  Design  of  the  gate 
would  be  similar  to  the  spill  gates  at  Wells  Dam  with  both  an  upper  and  a  lower  leaf  arrangement,  and 
would  be  designed  to  open  or  close  under  full  head  conditions.  Hoisting  equipment  requirements  would 
be  determined  at  the  final  design  stage. 

Tainter  Gate  Hoisting  Equipment 

To  accommodate  the  new  narrow  width  of  the  Tainter  gate  at  Spillbay  1,  the  existing  hoisting  equipment 
would  need  to  be  modified.  Because  the  total  hoisted  load  for  the  new  gate  would  be  reduced  (narrower 
gate),  the  existing  equipment  should  be  capable  of  being  adapted  to  the  new  configuration.  The  crossover 
shaft  would  need  to  be  shortened  as  the  equipment  on  the  south  side  of  the  gate  would  be  relocated  to  the 
new  pier  in  the  center  of  the  original  spillbay. 

7.1.4  Electrical  Requirements 

The  electrical  power  requirements  for  the  Type  2  full  bypass  channel  at  Lower  Granite  are  quite  limited. 
There  are  no  screen  cleaners,  trash  rakes,  weir  actuators,  or  other  loads  from  the  channel  itself  except  for 
convenience  lighting  and  receptacles.  The  single  large  power  demand  for  the  improvements  shown  on 
Plates  2.1.1  through  2.1.4  comes  from  the  hoist  motors  for  the  new  vertical  leaf  gates  on  the  elevated  ogee 
at  Spillbay  1.  Since  electrical  loads  are  relatively  small,  power  for  the  installation  at  Lower  Granite  is 
proposed  to  be  routed  from  an  existing  spare  480-volt  breaker  at  LSQ1  (a  critical  bus)  at  the  west  end  of 
the  navigation  lock  [13].  Routing  is  through  existing  cable  galleries  to  the  leaf-gate-motor  loads  at 
Spillbay  1 .  There  are  no  control  issues  for  this  design  except  for  the  leaf  gates  which  should  be  tied  into 
the  main  project  control  room  to  indicate  gate  position  and  status.  A  manual  override  at  the  gates  should 
be  included. 

For  the  Type  2  SBC  at  Lower  Granite,  the  total  electrical  load  is  estimated  to  be  approximately  42 
amperes  at  480  volts  ac.  Calculations  for  estimated  electrical  loads  are  provided  in  Attachment  A.  A 
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one-line  diagram  illustrating  the  electrical  loads,  power  sources,  and  components  is  provided  on  Plate 
2.1.5. 

7.1.5  Operation  and  Maintenance  Issues 

System  Operations 

Operation  of  the  full-flow  bypass  channel  is  the  least  complex  of  all  the  three  SBC  channel  designs 
reviewed  in  this  report.  Operational  issues  include  opening  the  vertical  leaf  gate,  periodic  monitoring  of 
the  transport  conduits  for  large  debris,  occasional  raking  of  the  debris  skirt,  and  operation  of  the  existing 
ESBS  system.  The  frequency  of  maintaining  the  debris  skirt  is  seen  in  some  ways  as  a  biological  decision 
since  the  formation  of  a  debris  mat  is  considered  by  some  as  a  fishery  enhancement  feature.  Thus,  this 
could  involve  varying  degrees  of  attention.  If  no  debris  skirt  were  added,  the  debris  should  simply  flush 
through  the  system. 

Corrosion  Protection 

Corrosion  protection  measures  for  the  channel  would  be  similar  to  those  discussed  and  proposed  for  the 
Type  1  design  in  Section  5.1.5,  where  access  for  maintenance  of  steel  surfaces  is  limited  or  nonexistent. 
This  would  include  thermal  spray  metal  coating  for  the  collection  channel,  the  SES,  and  the  cutoff  wall 
below  the  channel.  Since  inspection  and  maintenance  access  would  be  easier  for  the  new  leaf  gate  and 
Taintei  gate,  these  items  could  be  painted  if  this  proved  to  be  more  cost  effective  than  a  thermal  sprav 
metal  coating. 

Debris  Maintenance 

Debris  should  be  less  of  a  problem  with  this  design  than  with  channel  designs  which  include  dewatering 
screens  and  delivery  of  flow  into  the  existing  juvenile  gallery.  Since  the  channel  is  capable  of  conveying 
the  majority  of  the  debris  that  may  be  present  directly  to  the  tailrace,  only  a  surface  debris  skirt  (which 
extends  about  1.5  meters  [5  feet]  into  the  flow)  has  been  added  to  each  channel  entrance  to  keep  large 
floating  objects  out  of  the  channel.  Maintenance  of  this  rack  would  vary  depending  on  perceived  benefits 
for  a  debris  mat  in  front  of  the  channel  entrance.  Apart  from  periodic  maintenance  of  the  debris  skirt, 
some  maintenance  and  review  of  the  floating  collection  channel  will  be  needed  to  ensure  that  materials 
have  not  become  lodged  against  structural  supports  in  the  channel.  Once  dislodged,  the  materials  can  be 
removed  from  the  channel  or  passed  downstream  with  the  rest  of  the  flow. 

Inspection  Issues 

Inspection  of  the  channel  will  occur  periodically  with  divers  for  the  portions  that  are  below  water  and  by 
other  maintenance  personnel  for  the  above  water  portions.  The  sliding  mechanism  at  the  interface 
between  the  floating  channel  and  the  SES  will  require  some  routine  inspection,  as  would  the  sliding 
mechanisms  associated  with  the  cutoff  wall. 

Vertical  Leaf  Gate 

The  vertical  leaf  gate  is  lifted  completely  free  of  the  water  during  normal  operation  of  the  SBC  system. 
Routine  maintenance  of  the  gate  can  be  performed  when  the  gate  is  in  this  position.  Alternatively,  the 
gate  could  be  temporarily  removed  for  major  maintenance  activities  while  the  SBC  remains  in  operation. 
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Due  to  the  ease  of  inspection  of  the  gate  during  normal  operation,  no  dewatering/maintenance  bulkheads 
have  been  included  in  the  design. 

7.1 .6  Construction  Issues 

Fabrication/Installation  Strategies 

Fabrication  and  installation  issues  for  the  Type  2  channel  components  and  the  SES  are  similar  to  those 
described  in  Section  5.1.6  for  the  Type  1  channel.  However,  due  to  the  lack  of  screens,  the  complexity  of 
the  channel  construction  will  be  reduced  substantially  and  should  result  in  a  shorter  construction  duration. 

Construction  of  the  spillway  modifications  will  need  to  be  accomplished  in  a  dewatered  spillbay.  Except 
for  the  downstream-most  portion  of  the  new  center  pier,  which  extends  down  to  approximately  elevation 
192.0  meters  (630.0  feet),  or  about  2.4  meters  (8  feet)  below  normal  tailwater,  dewatering  of  the 
construction  area  can  be  accomplished  with  a  single  dewatering  bulkhead  located  on  the  upstream  face  of 
the  spillway  piers.  For  application  at  Lower  Granite,  this  bulkhead  will  need  to  be  designed  for 
approximately  22.4  meters  (73.4  feet)  of  head  or  down  to  elevation  205.2  meters  (673.1  feet).  Below  this 
elevation,  which  represents  the  beginning  of  the  ogee  crest  shape  on  the  existing  spillway,  the  only  feature 
that  would  remain  underwater  would  be  the  lower  portion  of  the  new  pier  nose  which  could  be 
constructed  using  underwater  concrete  placement  techniques. 

Installation  of  the  ogee  crest  and  the  new  pier  would  employ  conventional  cast-in-place  concrete 
techniques.  Access  would  be  from  a  barge  located  in  the  tailrace  for  major  construction  materials; 
however,  concrete  placement  could  take  place  from  the  spillway  bridge  or  the  central  non-overflow  deck 
in  lieu  of  pumping  from  a  barge.  Removal  of  the  existing  Tainter  gate  would  be  by  crane  and  barge.  The 
new  gate  would  be  installed  in  pieces  and  bolted  together  in  place. 

Construction  Sequencing 

Construction  sequencing  issues  for  the  floating  channel  components  and  the  SES  are  also  similar  to  those 
previously  described.  These  include  considerations  for  in-water  work  windows  and  other  project 
operation  constraints  such  as  spill  and  unit  outages.  Because  the  channel  operation  is  dependent  on  the 
completion  of  the  discharge  structure,  it  would  be  prudent  to  phase  sequence  the  construction  so  that 
completion  of  the  channel  and  spillway  modification  coincide.  In  actuality,  because  the  spillbay 
construction  area  is  relatively  unencumbered  by  work  windows  and  project  operations,  work  on  this  part 
of  the  project  could  be  accomplished  ahead  to  reduce  congestion  and  competition  for  sparse  construction 
staging  areas  on  the  dam  itself. 

Construction  Duration 

Fabrication  of  the  SBC  channel  and  SES  components  shown  for  the  Type  2  design  should  take  3  to  5 
months.  Installation  of  the  SES  should  take  about  2  months.  Installation  of  the  channel  to  a  fully 
operational  condition  should  take  3  to  5  months.  Spillway  modifications  should  take  5  to  7  months. 

7.1.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  2  SBC  bypass  at  Lower  Granite 
is  $49,553,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following 
page. 
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Annual  O&M  costs  are  estimated  as  follows: 


Maintenance 

Mechanical/electrical  components  $27,100 

Structural  components  $  1 1 0, 1 00 

Operations 

Labor  requirements  $20.000 

Total  annual  O&M  $157,200 


These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  diversion  system,  juvenile  fish 
facilities,  or  transportation  costs,  as  these  are  considered  existing  documented  costs.  Biological  study 
costs  are  also  not  included.  If  transportation  is  utilized,  the  associated  O&M  costs  would  be  significantly 
less  than  those  for  the  Type  1  SBC  at  Lower  Granite,  since  only  the  fish  diverted  by  the  ESBS  would  be 
available  for  transportation. 

7.2  Little  Goose:  Full  Powerhouse  Bypass  SBC  (with  Existing  ESBS) 
-  SBC  Type  2 

The  design  of  the  Type  2  SBC  channel  at  Little  Goose  is  virtually  the  same  as  described  for  the  Type  2 
SBC  for  Lower  Granite  described  in  Section  7.1.  Plans  and  details  of  the  SBC  Type  2  design,  as  installed 
at  Little  Goose,  are  shown  on  Plates  2.2.1  through  2.2.5,  in  Section  7.6. 

7.2.1  Hydraulics 

The  hydraulics  associated  with  the  Type  2  SBC  installation  at  Little  Goose  are  the  same  as  described  for 
Lower  Granite  in  Section  7.1.1,  except  for  the  conditions  downstream  on  the  spillway.  At  Little  Goose 
the  release  from  the  elevated  ogee  will  discharge  into  a  roller  bucket  stilling  basin  instead  of  passing  over 
a  deflector  which  skims  the  release  flow  across  a  hydraulic  jump  basin  (as  at  Lower  Granite).  Although 
energy  levels  and  corresponding  shear  intensities  in  the  plunging  flow  at  the  tailrace  are  comparable  for 
the  two  projects,  the  lack  of  a  spillway  deflector  at  Little  Goose  results  in  the  fish  being  exposed  to 
substantially  higher  tailrace  pressures.  Velocity  fields  generated  in  the  stilling  basin  should  be 
documented  in  the  sectional  spillway  models  and  analyzed  to  determine  if  they  will  be  acceptable  for  fish 
passage.  It  may  prove  desirable  to  add  a  deflector  to  Spillbay  1  at  Little  Goose. 

Reductions  in  spill  capacity  are  likewise  identical  to  those  described  for  Lower  Granite.  A  spillway  rating 
curve  for  Little  Goose  is  presented  in  Figure  7.2 

7.2.2  Structural  Design 

Structural  design  issues  and  criteria  for  the  Type  2  SBC  at  Little  Goose  are  the  same  as  presented  for 
Lower  Granite  in  Section  7.1.2.  As  discussed  in  Section  5.2.2  for  the  Type  1  SBC  design  at  Little  Goose, 
there  is  a  potential  for  greater  wave  loading  at  Little  Goose  than  at  Lower  Granite.  However,  the 
magnitude  of  this  greater  load  would  not  necessitate  a  change  in  the  fuse  pin  attachment  design. 

7.2.3  Mechanical  Requirements 

Mechanical  design  issues  for  the  Type  2  SBC  at  Little  Goose  are  also  the  same  as  presented  for  Lower 
Granite  in  Section  7.1.3.  This  would  include  the  hoisting  equipment  for  the  new  leaf  gate  at  the  raised 
spillbay  and  modifications  to  the  existing  Tainter  gate  equipment. 
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7.2.4  Electrical  Requirements 

Primary  Power  Considerations 

The  electrical  loads  for  the  Type  2  SBC  at  Little  Goose  are  the  same  as  for  those  for  the  Type  2  SBC  at 
Lower  Granite  (see  Section  7.1.4)  and  total  approximately  42  amperes  at  480  volts  ac.  Calculations  for 
estimated  electrical  load  are  provided  in  Attachment  A. 

A  reliable  source  of  power  is  available  at  480  volts  from  load  center  SQ02  located  in  the  Upstream 
Gallery  at  Bay  5  on  Floor  3  [1 8].  A  new  breaker  will  be  required.  From  Floor  3,  a  480-volt  feeder  would 
be  routed  up  to  the  intake  deck  through  existing  electrical  chases  and  in  existing  trays  before  penetrating 
the  concrete  intake  deck  in  the  area  of  Spillbay  1.  A  one-line  diagram  illustrating  the  electrical  loads, 
power  sources,  and  components  is  provided  on  Plate  2.2.5. 

Instrumentation  and  Controls 

Control  issues  are  the  same  as  at  Lower  Granite  (see  Section  7.1.4.)  and  relate  to  gate  position 
information  for  the  vertical  leaf  gates. 

7.2.5  Operation  and  Maintenance  Issues 

O&M  issues  are  the  same  as  at  Lower  Granite  (see  Section  7.1.5)  and  are  limited  to  operation  of  the 
vertical  leaf  gate,  periodic  monitoring  of  the  transport  conduits,  occasional  raking  of  the  entrance  debris 
skirt,  and  operation  of  the  ESBS  system. 

7.2.6  Construction  Issues 

Construction  issues  are  the  same  as  at  Lower  Granite  (see  Section  7. 1 .6).  As  for  all  the  Little  Goose 
designs,  barging  access  from  the  lower  river  during  construction  is  slightly  better  with  one  less  lockage 
event  required  than  at  Lower  Granite. 

7.2.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  2  SBC  bypass  at  Little  Goose  is 
$43,796,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  page. 
Annual  O&M  costs  are  estimated  as  follows: 


Maintenance 

Mechanical/electrical  components  $25,900 

Structural  components  $  1 1 0, 1 00 

Operations 

Labor  requirements  $20.000 

Total  annual  O&M  $156,000 


These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  diversion  system,  juvenile  fish 
facilities,  or  transportation  costs,  as  these  are  considered  existing  documented  costs.  Biological  study 
costs  are  also  not  included. 
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7.3  Lower  Monumental:  Full  Powerhouse  Bypass  SBC  (with  New 
ESBS)  -  SBC  Type  2 

The  design  of  the  Type  2  SBC  channel  at  Lower  Monumental  is  similar  to  that  described  for  Lower 
Granite  in  Section  7.1,  with  some  exceptions.  Plans  and  details  of  the  SBC  Type  2  design,  as  installed  at 
Lower  Monumental,  are  shown  on  Plates  2.3.1  through  2.3.5,  in  Section  7.6.  One  notable  exception  is 
that  the  project  layout  is  reversed  at  Lower  Monumental,  with  the  powerhouse  located  to  the  north  of  the 
spillway.  Therefore,  the  reader  should  note  that  references  to  north  and  south  in  the  discussions  for 
Lower  Granite  are  reversed  in  their  application  to  Lower  Monumental.  Additionally,  this  reversed 
orientation  results  in  the  SBC  flow  being  discharged  at  Spillbay  8,  instead  of  Spillbay  1,  as  described  for 
Lower  Granite.  Since  Lower  Monumental  currently  uses  STSs,  these  would  be  removed  and  replaced 
with  new  ESBS  systems. 

The  forebay  elevations  at  Lower  Monumental  vary  from  a  maximum  operating  pool  of  164.6  meters  (540 
feet)  to  a  MOP  of  163.7  meters  (537  feet).  This  results  in  a  total  forebay  level  fluctuation  of  0.91  meter 
(3.0  feet),  within  the  nonnal  operating  range.  This  range  is  less  than  the  1 .52-meter  (5.0-foot)  range  of 
forebay  levels  at  Lower  Granite  and  Little  Goose.  With  the  system  designed  to  pass  the  design  flow  of 
170  m3/s  (6,000  cfs)  at  MOP,  the  increase  in  flow  resulting  from  operation  at  the  maximum  operating 
pool  is  not  as  great  as  at  Lower  Granite  and  Little  Goose.  This  is  discussed  in  Section  7.3.1. 

7.3.1  Hydraulics 

The  Type  2  SBC  installation  at  Lower  Monumental  is  nearly  identical  to  the  Type  2  installations  at  Lower 
Granite  and  Little  Goose.  As  a  consequence  of  the  smaller  variation  in  operating  pool  range,  discharges 
through  the  SBC  at  Lower  Monumental  will  vary  over  a  smaller  range.  As  with  Lower  Granite  and  Little 
Goose,  the  crest  elevation  of  the  elevated  ogee  is  set  to  generate  a  total  SBC  release  of  1 70  m3/s  (6,000 
cfs)  at  MOP.  The  0.91 -meter  (3.0-foot)  increase  in  forebay  elevation  at  Lower  Monumental  would 
increase  the  SBC  release  to  approximately  210  m3/s  (7,400  cfs).  The  uncontrolled  discharge  through  the 
SBC  at  the  maximum  flood  pool  elevation  of  167.1  meters  (548.3  feet)  is  estimated  to  be  289  m3/s 
(10,200  cfs). 

Because  the  increases  in  discharge  and  velocity  that  occur  over  the  nonnal  operating  forebay  range  are 
smaller,  corresponding  increases  in  head  losses  in  each  of  the  SBC  channels  are  reduced  below  the 
increases  that  occur  at  Lower  Granite  and  Little  Goose.  This  in  turn  limits  unbalanced  flow  distributions 
between  the  SBC  entrances.  The  flow  distribution  between  the  entrances  should  be  fairly  unifonn  over 
the  full  operating  forebay  range. 

To  optimize  the  ESBS  design,  the  new  ESBS  should  be  evaluated  in  a  single  turbine  intake  model  with  an 
SBC-shaped  box  included  since  the  SBC  will  modify  the  hydraulic  field  at  the  ESBS. 

Reductions  in  spill  capacity  associated  with  the  installation  of  the  Type  2  SBC  at  Lower  Monumental  are 
identical  to  those  described  for  Lower  Granite  and  Little  Goose.  A  spillway  rating  curve  is  presented  in 
Figure  7.3. 
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Figure  7.3  -  Lower  Monumental  Lock  and  Dam  -  Spill  Capacity  with  SBC  Type  2 
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7.3.2  Structural  Design 

Structural  design  issues  and  criteria  for  the  Type  2  SBC  at  Lower  Monumental  are  the  same  as  presented 
for  Lower  Granite  in  Sections  7.1.2  and  5.1.2  as  applicable  to  the  Type  2  design.  Although  potential 
wind-driven  wave  loading  is  slightly  greater  than  for  Lower  Granite,  it  is  significantly  less  than  at  Little 
Goose  and  should  not  present  a  problem.  Structural  issues  associated  with  the  new  ESBS  intake  diversion 
system  are  as  described  in  Section  5.3.2. 

7.3.3  Mechanical  Requirements 

Mechanical  design  issues  for  the  Type  2  SBC  at  Lower  Monumental  are  also  the  same  as  presented  for 
Lower  Granite  in  Section  7.1.3.  This  would  include  the  hoisting  equipment  for  the  new  leaf  gate  at  the 
raised  spillbay  and  modifications  to  the  existing  Tainter  gate  equipment.  Mechanical  requirements 
associated  with  the  new  ESBS  intake  diversion  system  are  as  described  in  Section  5.3.3. 

7.3.4  Electrical  Requirements 

Primary  Power  Considerations 

The  electrical  loads  for  the  Type  2  SBC  at  Lower  Monumental  are  the  same  as  for  those  for  the  Type  2 
SBC  at  Lower  Granite  (see  Section  7.1.4)  and  total  approximately  42  amperes  at  480  volts  ac. 
Calculations  for  estimated  electrical  load  are  provided  in  Attachment  A. 

A  reliable  source  of  power  is  available  from  existing  motor  control  center  (MCC)  DCQ2  located  in  the 
spillway  service  gallery  about  mid-way  down  the  gallery  [20].  This  MCC  currently  feeds  spillway 
equipment  (gate  hoists,  etc.).  A  spare  125-amp  breaker  is  available  in  DCQ2  and  would  more  than 
adequately  handle  these  loads.  From  this  location,  a  480-volt  feeder  would  be  routed  to  the  spillway  deck 
in  the  area  of  Spillbay  8  to  supply  the  leaf  gate  hoist  motors.  A  one-line  diagram  illustrating  the  electrical 
loads,  power  sources,  and  components  is  provided  on  Plate  2.3.5. 

Instrumentation  and  Controls 

Control  issues  are  the  same  as  at  Lower  Granite  (see  Section  7.1.4.)  and  relate  to  gate  position 
information  for  the  vertical  leaf  gates. 

7.3.5  Operation  and  Maintenance  Issues 

O&M  issues  are  the  same  as  at  Lower  Granite  (see  Section  7.1.5)  and  are  limited  to  operation  of  the 
vertical  leaf  gate,  periodic  monitoring  of  the  transport  conduits,  occasional  raking  of  the  entrance  debris 
skirt,  and  operation  of  the  ESBS  system.  O&M  requirements  for  the  new  ESBS  system  are  assumed  to  be 
similar  in  magnitude  and  cost  to  the  existing  requirements  associated  with  the  STS  system. 

7.3.6  Construction  Issues 

Construction  issues  are  the  same  as  at  Lower  Granite  (see  Section  7.1.6)  except  that  new  ESBS  systems 
are  being  added.  Construction  issues  related  to  the  ESBS  are  as  described  in  Section  5.3.6. 

7.3.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  2  SBC  bypass  at  Lower 
Monumental  is  $43,767,000  in  1998  dollars.  The  estimated  cost  for  replacing  the  existing  STS  intake 
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diversion  system  with  a  new  ESBS  system  is  an  additional  $16,058,000,  A  cost  breakdown  is  presented 
in  spreadsheet  format  on  the  following  four  pages.  Annual  O&M  costs  are  estimated  as  follows: 


Maintenance 

Mechanical/electrical  components 

$27,400 

Structural  components 

$110,000 

Operations 

Labor  requirements 

$20,000 

Total  annual  O&M 

$157,400 

These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  diversion  system,  juvenile  fish 
facilities,  or  transportation  costs,  as  these  are  considered  existing  documented  costs.  Biological  study 
costs  are  also  not  included. 

7.4  Ice  Harbor:  Full  Powerhouse  Bypass  SBC  (with  New  ESBS)  - 
SBC  Type  2 

Application  of  a  Type  2  SBC  at  Ice  Harbor  involves  many  of  the  same  design  issues  found  at  the  other 
projects.  One  aspect  of  the  Ice  Harbor  design  which  is  significantly  different,  and  which  significantly 
affects  the  shape  of  the  channel,  is  the  depth  of  the  forebay  and,  consequently,  the  geometry  of  the  intake. 
The  forebay  depth  at  the  face  of  the  Ice  Harbor  powerhouse  is  approximately  6.1  meters  (20  feet) 
shallower  than  at  the  other  3  projects.  However,  the  height  of  the  turbine  intake  roof  above  the  bottom  of 
the  forebay  in  only  about  one  meter  less.  The  remainder  of  the  difference  in  depth  is  due  to  the  intake 
roof  being  located  at  a  shallower  position.  As  a  result,  the  Type  2  SBC  design  at  Ice  Harbor  utilizes  a 
floating  channel  with  a  flow  depth  of  16.8  meters  (55  feet),  as  opposed  to  21.3  meters  (70  feet)  at  the 
other  3  projects.  At  this  depth,  the  channel  will  create  a  hydraulic  presence  in  front  of  the  intakes 
approximately  equal  to  the  condition  at  the  other  three  projects.  The  channel  is  also  slightly  shorter,  due 
to  the  shorter  turbine  unit  spacing  at  Ice  Harbor.  Plans  and  details  of  this  design  are  shown  on  Plates 

2.4.1  through  2.4.5,  in  Section  7.6. 

Other  than  the  difference  in  channel  depth,  the  design  of  the  Type  2  SBC  at  Ice  Harbor  is  essentially  the 
same  as  described  for  the  Type  2  design  at  Lower  Granite  in  Section  7.1.  As  with  the  other  Type  2 
designs,  the  raised  concrete  ogee  crest  is  sized  to  pass  the  design  flow  of  170  m3/s  (6,000  cfs)  at  the  MOP. 
Because  the  design  discharge  is  the  same  as  with  the  other  Type  2  SBC  designs,  the  SES  and  the  north 
end  of  the  channel  (north  of  Unit  6)  are  the  same  as  previously  described.  Due  to  the  free  discharge  at  the 

spillway,  the  system  flow  will  be  somewhat  higher  at  the  maximum  operating  pool.  This  is  discussed  in 
Section  7.4.1. 

The  turbine  intakes  at  Ice  Harbor  are  currently  outfitted  with  an  STS  intake  diversion  system.  These 
screens  will  be  removed  and  replaced  with  a  new  ESBS  diversion  system.  As  described  for  the  other 
projects  and  SBC  designs,  the  ESBS  will  be  used  in  conjunction  with  the  SBC. 

7.4.1  Hydraulics 

The  turbine  intake  submergence  at  Ice  Harbor  is  approximately  4.6  meters  (15  feet)  less  than  at  the  other 
3  sites.  As  a  consequence,  if  a  frill  21.3-meter  (70-foot)-SBC  depth  were  used  at  Ice  Harbor,  excessive 
blockage  of  the  turbine  intake  could  result.  This  could  potentially  yield  negative  influences  on  the  ESBS 
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system  and  possibly  on  turbine  operation.  To  limit  intrusion  on  the  intake  to  a  level  comparable  to  the 
other  sites,  the  vertical  depth  of  the  SBC  was  reduced  to  16.8  meters  (55  feet).  For  the  purposes  of  this 
study,  it  is  assumed  that  the  reduction  in  entrance  and  channel  depth  will  be  biologically  acceptable  from 
a  fish  collection  viewpoint. 

Collector  Entrances  and  SBC  Channel 

As  with  the  Type  2  designs  at  the  other  three  projects,  the  flow  through  the  channel  will  vary  with  the 
available  head  on  the  raised  ogee,  resulting  in  increased  flow  at  higher  forebay  levels.  The  elevated  ogee 
crest  was  set  at  elevation  126.4  meters  (414.7  feet),  as  shown  on  Plate  2.4.4.  to  develop  a  flow  of  170  m3/s 
(6,000  cfs)  at  the  MOP  level  of  133.2  meters  (437  feet).  At  the  MOP  level,  the  56.6  m3/s  (2,000  cfs) 
entrance  flow  will  enter  each  16.8  meters  (55  feet)  deep  by  4.88  meters  (16  feet)  wide  SBC  entrance  at  a 
velocity  of  0.69  m/s  (2.27  ft/s).  This  is  a  higher  velocity  than  is  generated  in  the  Type  2  channel  design  at 
the  other  three  projects,  due  to  the  shallower  entrances.  From  the  entrance,  the  flow  will  pass  through 
approximately  a  90-degree  bend  which  contains  a  centerline  guide  wall  which  helps  maintain  a  uniform 
flow  distribution.  Use  of  the  guide  wall  yields  centerline  radius  to  conduit  width  ratios  of  about  2.0  and 
3.0  for  each  half  of  the  conduit  through  the  bend.  As  with  the  deeper  Type  2  channel  design,  the  conduit 
remains  constant  depth  through  the  bend  and  through  a  subsequent  contraction  section  in  which  the  width 
is  reduced  to  1.83  meters  (6.0  feet).  This  contraction  accelerates  the  velocity  to  1.85  m/s  (6.1  ft/s).  The 
flow  from  the  three  entrances  is  then  routed  north  and  merged  through  use  of  parallel  channel  sections 
with  sloping  floors  that  further  accelerate  the  flow  to  approximately  a  velocity  of  2.51  m/s  (8.2  ft/s). 
From  the  merged  section  through  the  ogee,  flow  conditions  are  identical  to  the  previously  discussed  Type 
2  designs. 

The  higher  entrance  and  initial  conduit  velocities  increase  total  head  losses  by  approximately  150 
millimeters  (0.5  foot)  over  the  normal  operating  forebay  range.  The  increased  velocities  will  likewise 
increase  imbalances  in  flow  distribution  between  the  collector  entrances.  Flow  distributions  will  be  more 
comparable  to  those  predicted  at  maximum  operating  pool  at  Lower  Granite  and  Little  Goose. 

At  the  maximum  operating  pool  elevation  of  134.1  meters  (440.0  feet),  the  combined  discharge  through 
the  SBC  would  be  approximately  198  m3/s  (7,000  cfs).  At  the  maximum  flood  pool  elevation  of  136.1 
meters  (446.4  feet),  the  combined  unregulated  discharge  through  the  SBC  would  be  approximately  266 
m3/s  (9,400  cfs). 

ESBS  Performance 

As  with  the  other  SBC  designs,  the  presence  of  the  SBC  will  modify  velocity  magnitudes  and  distribution 
in  the  turbine  intake.  This  will  result  in  modification  of  the  velocity  field  intercepted  by  the  new  ESBS, 
which  will  influence  the  velocity  field  across  the  ESBS  and  flow  balance  across  the  VBS.  Uncertainty 
with  the  Ice  Harbor  design  is  more  pronounced  in  that  the  intake  is  substantially  different  than  those  at  the 
other  three  sites.  Influence  of  the  SBC  on  ESBS  performance  should  be  evaluated  in  a  single  turbine 
intake  model. 

Cutoff  Wall 

As  at  the  other  sites  and  other  SBC  designs,  the  cutoff  wall  is  positioned  with  flow  on  one  side 
accelerating  into  the  turbine  intake  and  with  relatively  static  flow  conditions  on  the  other  side.  This  will 
impose  differential  loading  on  the  wall.  Because  of  the  unique  features  of  the  Ice  Harbor  design, 
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differences  in  the  loading  from  those  generated  at  the  other  sites  may  occur  at  Ice  Harbor.  This  loading 
should  be  evaluated  through  use  of  a  powerhouse  sectional  hydraulic  model. 

Influence  on  Spillway  Capacity 

Ice  Harbor  has  ten  spillbays  verses  the  eight  that  are  present  at  the  other  sites.  As  a  consequence,  the  loss 
of  half  of  one  spillbay  capacity  yields  less  relative  loss.  The  current  spill  capacity  of 24,100  m3/s  (850 
kefs)  would  be  reduced  to  22,890  m3/s  (808.4  kefs)  with  no  SBC  release,  or  23,156  m3/s  (817.8  kefs)  with 
supplemental  SBC  release.  This  corresponds  to  approximately  a  3.8  percent  reduction  in  total  spill 
capacity.  A  spillway  rating  curve  for  Ice  Harbor  with  the  SBC  installed  is  presented  in  Figure  7.4. 

7.4.2  Structural  Design 

Although  the  SBC  channel  at  Ice  Harbor  is  shallower,  the  channel  structure  design  approach  would  be 
virtually  the  same  since  the  design  differential  head  in  the  channel  would  be  the  same.  A  design  criteria 
which  is  unique  to  Ice  Harbor  is  the  greater  design  seismic  acceleration  of  0.38  g.  This  issue  was 
addressed  with  respect  to  the  fused  channel  attachment  and  the  stability  of  the  spillway  with  the  proposed 
modifications.  These  analyses  are  discussed  below  and  details  included  in  Attachment  A. 

Channel  Attachment 

The  proposed  fuse  pin  channel  attachment  at  the  other  three  projects  was  designed  for  a  seismic 
acceleration  of  0. 1  g.  The  greater  seismic  acceleration  at  Ice  Harbor  results  in  a  greater  differential 
between  the  design  ice  loading  (which  is  the  same  as  the  other  projects)  and  the  design  seismic  load 
placed  on  the  powerhouse  by  the  forebay.  Because  it  is  this  differential  which  is  the  basis  for  the  factor  of 
safety  in  the  fuse  pin  design,  there  is  an  opportunity  to  use  a  larger  fuse  pin  at  Ice  Harbor,  which  would 
result  in  a  greater  factor  of  safety.  However,  whether  or  not  to  take  advantage  of  this  (or  simply  use  pins 
of  the  same  size  as  at  the  other  projects)  would  be  an  issue  for  final  design. 

Spillway  Modifications  and  SES 

Based  on  a  preliminary  review  of  the  spillway  with  the  SES  modifications,  the  addition  of  the  raised 
concrete  ogee  and  the  new  spillway  pier  at  Spillbay  1,  in  conjunction  with  the  SES,  will  increase  the 
stability  of  the  central  non-overflow  monolith  in  both  sliding  and  overturning.  This  is  the  result  of  the 
added  weight  of  the  new  structures.  Although  this  increase  in  overall  stability  is  significant  for  the 
normal  operating  and  flood  level  conditions,  it  is  somewhat  less  substantial  for  the  earthquake  loading, 
due  to  the  relatively  large  0.38  g  earthquake  acceleration.  Based  on  the  information  provided  for  this 
analysis,  it  is  not  possible  to  fully  document  the  overall  sliding  stability  of  the  existing  central  non¬ 
overflow  or  spillway  monoliths  under  an  earthquake  loading  of  0.38  g.  It  is  recommended  that  this  issue 
be  addressed  more  thoroughly  during  final  design.  Additionally,  a  dynamic  analysis  of  the  spillway  and 
central  non-overflow  monoliths  should  be  performed  to  determine  the  effect  of  the  SES  on  the  internal 
concrete  stresses. 

7.4.3  Mechanical  Requirements 

Mechanical  design  issues  for  the  Type  2  SBC  at  Ice  Harbor  are  also  the  same  as  presented  for  Lower 
Granite  in  Section  7.1.3.  This  would  include  the  hoisting  equipment  for  the  new  leaf  gate  at  the  raised 
spillbay  and  modifications  to  the  existing  Tainter  gate  equipment.  It  should  be  noted  that  the  vertical  leaf 
gates  (and  the  leaf  gate  hoisting  equipment)  have  been  moved  to  on  top  of  the  SES  because  there  is 
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insufficient  space  on  the  pier  noses  to  located  the  gate  without  making  significant  modifications  to  the 
spillway  deck  which  would  impact  the  driveable  width  and  the  crane  rails.  Mechanical  requirements 
associated  with  the  new  ESBS  intake  diversion  system  are  as  described  in  Section  5.3.3. 

7.4.4  Electrical  Requirements 

Primary  Power  Considerations 

The  electrical  loads  for  the  Type  2  SBC  at  Ice  Harbor  are  the  same  as  for  those  for  the  Type  2  SBC  at 
Lower  Granite  (see  Section  7.1.4)  and  total  approximately  42  amperes  at  480  volts  ae.  Calculations  for 
estimated  electrical  load  are  provided  in  Attachment  A. 

A  reliable  source  of  power  is  available  at  480  volts  from  a  spare  175-amp  breaker  in  MCC  CQ08  located 
in  the  erection  bay  intake  gallery  between  Floors  7  and  8  [24],  A  feeder  would  be  routed  from  there  in 
existing  cable  trays  to  the  central  non-overflow  area  and  then  up  to  the  area  of  the  leaf  gates.  A  one-line 
diagram  illustrating  the  electrical  loads,  power  sources,  and  components  is  provided  on  Plate  2.4.5. 

Instrumentation  and  Controls 

Control  issues  are  the  same  as  at  Lower  Granite  (see  Section  7. 1 ,4.)  and  relate  to  gate  position 
information  for  the  vertical  leaf  gates. 

7.4.5  Operation  and  Maintenance  Issues 

O&M  issues  are  the  same  as  at  Lower  Granite  (see  Section  7.1.5)  and  are  limited  to  operation  of  the 
vertical  leaf  gate,  periodic  monitoring  of  the  transport  conduits,  occasional  raking  of  the  entrance  debris 
skirt,  and  operation  of  the  ESBS  system.  O&M  requirements  for  the  new  ESBS  system  are  assumed  to  be 
similar  in  magnitude  and  cost  to  the  existing  requirements  associated  with  the  STS  system. 

7.4.6  Construction  issues 

Construction  issues  are  the  same  as  at  Lower  Granite  (see  Section  7.1.6). 

7.4.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  2  SBC  bypass  at  Ice  Harbor, 
including  a  new  ESBS  intake  diversion  system,  is  $37,825,000  in  1998  dollars.  The  estimated  cost  for 
replacing  the  existing  STS  intake  diversion  system  with  a  new  ESBS  system  is  $16,058,000.  A  cost 
breakdown  is  presented  in  spreadsheet  fonnat  on  the  following  two  pages.  Annual  O&M  costs  are 
estimated  as  follows: 


Maintenance 

Mechanical/electrical  components 

$27,600 

Structural  components 

$93,700 

Operations 

Labor  requirements 

$20,000 

Total  annual  O&M 

$141,300 

These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  diversion  system,  juvenile  fish 
facilities,  or  transportation  costs,  as  these  are  considered  existing  documented  costs.  Biological  study 
costs  are  also  not  included. 
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7.5  Combination  Summary 

7.5.1  Combined  Construction  Issues 

With  multiple  installations  of  the  same  design  at  all  four  projects,  the  projected  efficiencies  from 
progressive  installation  sequencing  (stage  construction  at  one  project  to  follow  behind  the  other),  as 
described  in  Section  5.5.1,  would  apply  here  also.  Engagement  of  a  single  contractor  for  the  work  may 
increase  this  efficiency  as  enhancements  and  skills  developed  at  one  project  could  be  applied  at 
subsequent  ones. 

7.5.2  Summary  Construction  and  O&M  Costs 

The  total  combined  estimated  engineering  design  and  construction  cost  for  the  System  Combination  2 
design  is  $208,057,000  in  1998  dollars.  Additional  costs  associated  with  prototyping  and/or  major 
hydraulic  modeling  efforts  would  likely  be  reduced  over  those  associated  with  System  Combination  1, 
due  to  the  absence  of  dewatering  screen  systems  in  the  Type  2  designs.  A  summary  of  the  estimated  costs 
by  project  is  shown  below. 


Estimated  Engineering  Design  and  Construction  Cost  -  System 

Combination  2 

Estimated 

Project 

Description 

Construction  Cost 

Lower  Granite 

Type  2  SBC  (with  existing  ESBS) 

$49,553,000 

Little  Goose 

Type  2  SBC  (with  existing  ESBS) 

$43,796,000 

Lower  Monumental 

Type  2  SBC 

$43,767,000 

Lower  Monumental 

New  ESBS 

$16,058,000 

Ice  Harbor 

Type  2  SBC 

$37,825,000 

Ice  Harbor 

New  ESBS 

$16,058,000 

System  Combination  Subtotal 

$207,057,000 

Feasibility  Studies 

$1,000,000 

Total  Estimated  Construction  Cost 

$208,057,000 

The  total  annual  O&M  costs  for  System  Combination  2  are  estimated  to  be  $61 1,900  in  1998  dollars. 
These  O&M  costs  do  not  include  costs  associated  with  operation  and  maintenance  of  the  intake  diversion 
screen  systems,  existing  juvenile  fish  facilities,  or  transportation  costs,  as  these  are  existing  documented 
costs.  Experience  may  show  that  the  O&M  costs  associated  with  transportation  are  less  than  those 
currently  experienced  due  to  the  bypass  nature  of  the  SBC  systems.  Biological  study  costs  are  also  not 
included.  A  summary  of  the  O&M  costs  by  project  is  shown  below. 


Estimated  SBC  Operation  and  Maintenance  Cost  -  System  Combination  2 


Project 

Description 

Estimated  O&M 

Lower  Granite 

Type  2  SBC  (with  existing  ESBS) 

$157,200 

Little  Goose 

Type  2  SBC  (with  existing  ESBS) 

$156,000 

Lower  Monumental 

Type  2  SBC  (with  new  ESBS) 

$157,400 

Ice  Harbor 

Type  2  SBC  (with  new  ESBS) 

Total  Estimated  Annual  O&M  Cost 

$141,300 

$611,900 
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7.5.3  Implementation  Schedule 

An  implementation  schedule  is  included  below.  The  assumptions  and  rationale  used  for  development  of 
the  implementation  schedule  is  provided.  The  implementation  schedule  includes  time  for  hydraulic 
model  testing  as  appropriate,  preliminary  design,  preparation  of  construction  contract  documents,  and 
construction.  The  implementation  schedule  assumes  no  funding  or  manpower  restraints.  Such  restraints 
would  likely  impact  the  schedule  included  herein. 

Lower  Granite  Dam 

Improvements  at  Lower  Granite  include  a  raised  spillbay  that  would  require  hydraulic  model  testing  to 
determine  the  optimum  weir  shape.  Model  testing  would  be  scheduled  for  year  2000.  Preliminary  and 
final  design  leading  to  preparation  of  construction  contract  documents  would  be  scheduled  for  years  2001 
and  2002  with  construction  in  years  2003  and  2004.  The  SBC  improvements  would  be  operational  in 
year  2004. 

Little  Goose.  Lower  Monumental,  and  Ice  Harbor  Dams 

It  is  assumed  the  SBC  improvements  at  Little  Goose,  Lower  Monumental,  and  Ice  Harbor  may  be  done 
simultaneously.  Model  testing  of  the  proposed  modified  spillbays  would  be  required.  The  model  testing 
would  be  scheduled  for  year  2001.  Evaluation  of  the  performance  of  the  Lower  Granite  SBC  would  be 
scheduled  for  completion  in  year  2005.  Information  gained  from  this  evaluation  would  be  used  for  the 
final  design  of  the  SBC  at  Little  Goose,  Lower  Monumental,  and  Ice  Harbor.  Preliminary  and  final 
design  leading  to  preparation  of  construction  contract  documents  would  be  scheduled  for  years  2005  and 
2006.  Construction  would  be  scheduled  for  years  2007  and  2008.  The  SBC  improvements  would  be 
operational  in  the  year  2008. 

7.6  System  Combination  2  Drawings 

Drawings  depicting  the  SBC  designs  which  form  System  Combination  2  are  included  on  the  following 
pages.  These  drawings  include: 


SBC  Type  2  —  Lower  Granite 

Plate  2.1.1  -  SBC  Type  2  -  Full  Powerhouse  Bypass  SBC  (Existing  ESBS)  -  Site  Plan 

Plate  2.1.2  -  SBC  Type  2  -  Unit  5/6  Entrance  and  Spillbay  1  -  Plan 

Plate  2.1.3  —  SBC  Type  2  —  Sections 

Plate  2.1.4  -  SBC  Type  2  -  Spillbay  1  -  Section 

Plate  2.1,5  —  SBC  Type  2  —  Electrical  One-Line  Diagram 


SBC  Type  2  —  Little  Goose 

Plate  2.2.1  —  SBC  Type  2  —  Full  Powerhouse  Bypass  SBC  (Existing  ESBS)  -  Site  Plan 

Plate  2.2.2  -  SBC  Type  2  -  Unit  5/6  Entrance  and  Spillbay  1  -  Plan 

Plate  2.2.3  -  SBC  Type  2  -  Sections 

Plate  2.2.4  -  SBC  Type  2  -  Spillbay  1  -  Section 

Plate  2.2.5  —  SBC  Type  2  —  Electrical  One-Line  Diagram 
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SBC  Type  2 
Plate  2.3.1 
Plate  2.3.2 
Plate  2.3.3 
Plate  2.3.4 
Plate  2.3.5 


Lower  Monumental 

SBC  Type  2  -  Full  Powerhouse  Bypass  SBC  (New  ESBS)  -  Site  Plan 

SBC  Type  2  -  Unit  5/6  Entrance  and  Spillbay  8  -  Plan 

SBC  Type  2  -  Sections  and  Details 

SBC  Type  2  -  Spillbay  8  -  Section 

SBC  Type  2  -  Electrical  One-Line  Diagram 


SBC  Type  2 
Plate  2.4.1 
Plate  2.4.2 
Plate  2.4.3 
Plate  2.4.4 
Plate  2.4.5 


Ice  Harbor 

SBC  Type  2  -  Full  Powerhouse  Bypass  SBC  (New  ESBS)  -  Site  Plan 

SBC  Type  2  -  Unit  5/6  Entrance  and  Spillbay  1  -  Plan 

SBC  Type  2  -  Sections 

SBC  Type  2  -  Spillbay  1  -  Section 

SBC  Type  2  -  Electrical  One-Line  Diagram 
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8.  System  Combination  3 — Adaptive  Migration 
Strategy  for  Transportation  and  Bypass 

System  Combination  3  applies  a  migration  strategy  which  allows  for  adaptive  flexibility  between 
transportation  and  inriver  migration.  At  Lower  Granite  and  Lower  Monumental,  partial  powerhouse 
length  SBC  channels  would  be  constructed  at  Turbine  Units  5  and  6  (SBC  Type  3).  The  Type  3  SBC 
design  allows  for  flexibility  in  operation,  allowing  for  either  collection  of  juveniles  for  transportation  or 
direct  passage  to  the  tailrace.  In  this  way  it  represents  a  combination  of  the  Type  1  and  Type  2  SBC 
channel  designs.  To  guide  fish  toward  the  partial  length  channel,  and  away  from  Units  1  through  4,  a 
BGS  would  be  constructed  in  the  forebay. 

As  with  the  other  system  combinations,  ESBS  intake  diversion  screen  systems  would  be  used  in 
conjunction  with  the  Type  3  SBC  channels  to  collect  fish  which  might  pass  under  or  around  the 
components  of  the  SBC  system  and  into  the  turbine  intakes.  At  Lower  Granite  the  existing  ESBS  would 
be  used,  whereas  at  Lower  Monumental  there  would  need  to  be  new  ESBS  to  replace  the  existing  STS 
diversion  screen  system.  The  ESBS  would  be  located  in  turbine  intakes  at  all  six  units  to  offer  a  bypass 
alternative  to  turbine  passage  for  those  fish  which  may  pass  under  the  BGS, 

At  Little  Goose,  a  full-length  powerhouse  SBC  channel  without  dewatering  would  collect  and  pass  fish 
directly  to  the  tailrace  (SBC  Type  2).  This  is  the  same  system  as  described  for  Little  Goose  in  System 
Combination  2,  and  would  utilize  the  existing  ESBS  intake  diversion  systems  in  all  unit  intakes. 

At  Ice  Harbor,  a  spillway  SBC  would  be  constructed  at  Spillbay  1  (SBC  Type  4),  the  spillbay  closest  to 
the  powerhouse.  The  spillway  SBC  would  consist  of  a  removable  raised  ogee  crest  to  be  placed  between 
the  upstream  portions  of  the  spillbay  piers,  spanning  the  entire  spillbay  width,  with  the  downstream 
remainder  of  the  spillbay  to  remain  at  its  existing  elevation.  A  BGS  would  be  included  in  the  forebay  to 
direct  fish  away  from  the  powerhouse  intakes.  Fish  collected  by  the  spillway  SBC  would  be  passed 
directly  to  the  tailrace  via  the  modified  spillbay.  New  ESBS  intake  diversion  screens  would  replace  the 
existing  STS  diversion  screens  in  the  turbine  intakes  to  offer  unproved  bypass  efficiency  for  anv  fish 
which  do  pass  under  the  BGS. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  3  are  presented  in  the  following  text  or  referenced  to  earlier  text  where  applicable, 

8.1  Lower  Granite:  2-Unit  Bypass/Collection  SBC  (with  Existing 
ESBS)  -  SBC  Type  3 

The  goal  of  the  Type  3  SBC  channel  design  is  to  provide  a  surface  collection  channel  which  combines  the 
operational  objectives  of  both  the  Type  1  and  Type  2  SBC  designs.  That  is,  the  floating  channel  allows 
for  either  a  screened-flow  operation  which  passes  the  fish  into  the  existing  juvenile  gallery,  or  a  full-flow 
bypass  operation  which  passes  the  fish  directly  to  the  tailrace.  To  maximize  the  effectiveness  of  either 
operating  scenario,  two  separate  conduits  are  provided  within  the  channel  to  accommodate  the  two  modes 
of  operation.  Unlike  the  Type  1  and  2  channels,  the  Type  3  SBC  channel  extends  over  only  two  units  at 
the  spillway  end  of  the  powerhouse.  Application  of  this  design  at  Lower  Granite  entails  a  channel  located 
at  the  north  end  of  the  powerhouse  over  Units  5  and  6,  as  shown  on  Plates  3.1.1  through  3.1.6,  in  Section 
8.6.  The  channel  includes  two  side-by-side  vertical  entrances,  one  for  each  conduit,  although  only  one 
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would  be  open  at  time.  To  guide  fish  away  from  Units  1  through  4,  a  BGS  is  located  in  the  forebay  with 
the  channel  entrances  at  the  downstream  end. 

Each  of  the  two  entrances  is  4.88  meters  (16  feet)  wide  by  21.3  meters  (70  feet)  deep,  with  the  bottom  of 
the  channel  coinciding  with  the  invert  of  the  entrances.  A  vertical  array  of  sliding  or  rolling  gate  panels 
would  close  off  either  one  or  the  other  entrance  at  any  given  time.  The  discharge  control  would  be  a  new 
elevated  concrete  ogee  spillway  to  be  located  at  the  south  end  of  Spillbay  1 .  This  design  would  be  similar 
to  the  design  described  for  the  elevated  spillway  for  the  Type  2  design  in  Section  7.  However,  this  new 
section  of  spillway  would  be  narrower  than  described  for  Type  2  because  the  flow  rate  is  less.  This 
discharge  could  be  open-surface  discharge,  or  controlled  by  lowering  the  vertical  leaf  gate  into  the  flow  to 
maintain  a  constant  flow  rate  for  different  operating  conditions.  As  described  for  the  Type  2  design,  the 
overall  flow  rate  is  controlled  by  the  head  available  to  the  elevated  spillway.  The  system  is  designed  to 
pass  a  relatively  constant  entrance  flow  of  56.6  m3/s  (2,000  cfs)  while  in  screening  mode.  When 
operating  in  the  screening  mode  with  the  forebay  above  MOP,  the  leaf  gate  would  be  used  to  control  the 
flow  so  the  hydraulic  conditions  on  the  screens  remain  constant.  Because  no  fish  would  be  in  the  spilled 
portion  of  the  flow  (the  fish  are  bypassed  in  the  existing  fish  gallery  in  the  dam),  this  is  presumed  to  be 
acceptable.  Operating  in  the  bypass  mode  with  no  gate  control  would  result  in  an  entrance  flow  of 
approximately  67.8  m3/s  (2,392  cfs)  at  MOP  and  90.9  m3/s  (3,209  cfs)  at  maximum  operating  pool.  A 
more  detailed  discussion  of  the  hydraulic  controls  and  flowrates  is  provided  in  Section  8.1.1.  A  final 
decision  concerning  operation  of  the  bypass  mode  in  either  the  uncontrolled  mode,  as  described  above,  or 
in  a  constant  flow  mode  with  the  leaf  gate  partially  deployed  would  be  a  biological  decision  beyond  the 
scope  of  this  report. 

The  BGS  is  shown  on  Plates  3.1.1  and  3.1.5.  The  downstream  end  of  the  BGS  is  located  at  the  south  end 
of  the  channel,  near  the  unit  joint  between  Units  4  and  5.  The  structure  extends  from  this  location  489.5 
meters  (1,606  feet)  upstream  to  reach  the  shore.  The  upstream  end  of  the  BGS  is  closed  off  to  preclude 
juveniles  from  entering  the  excluded  area  behind  the  BGS.  A  fish  ladder  extension  (FLE)  structure  has 
been  added  to  the  existing  south-bank  fish  ladder  exit  to  a  point  approximately  one  quarter  of  the  distance 
along  the  BGS.  This  ladder  extension  effectively  relocates  the  ladder  exit  from  the  face  of  the  dam  to  a 
location  on  the  upstream  side  of  the  BGS  and  gives  adult  fish  a  direct  path  from  behind  the  BGS  to  points 
upriver.  The  FLE  was  originally  developed  in  1995  for  Ice  Harbor  (though  not  constructed)  and  the 
design  has  been  adapted  for  Lower  Granite.  The  location  and  orientation  of  the  BGS  was  considered 
when  deciding  to  locate  the  SBC  entrances  near  the  south  end  of  the  channel.  Should  fish  moving 
downstream  be  guiding  along  the  north  face  of  the  BGS,  the  optimal  location  for  the  entrance  would 
appear  to  be  at  the  south  end  of  the  channel,  near  the  downstream  end  of  the  BGS.  The  hydraulic  and 
structural  design  of  the  BGS  is  discussed  in  Sections  8.1.1  and  8.1.2. 

Other  features  of  this  design  are  similar  to  those  previously  described  for  the  Type  1  or  Type  2  designs  at 
Lower  Granite,  these  include  a  floating  channel  with  internal  fish  conduits,  a  cutoff  wall  below  the 
channel  at  the  north  end  of  Unit  6,  use  of  the  existing  ESBS  system  in  conjunction  with  the  channel,  and 
channel  attachment  to  a  stationary  SES  located  at  Spillbay  1.  A  unique  feature  of  this  design  is  in  how 
the  attachment  is  made  to  the  existing  juvenile  gallery.  Although  a  stationary  caisson  would  be  attached 
to  the  upstream  face  of  the  dam  to  form  an  open  channel  entrance  into  the  gallery  (as  in  the  Type  1 
design),  this  caisson  would  be  located  near  the  north  auxiliary  water  port  at  the  upstream  end  of  the 
gallery.  A  debris  skimmer  would  be  included,  to  facilitate  debris  management  at  the  downwell  in  the 
Lower  Granite  juvenile  bypass  system,  however,  it  would  be  in  a  second  dedicated  caisson  located  at  the 
downstream  end  of  the  gallery  directly  over  the  downwell. 
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Like  the  Type  2  SBC,  because  Spillbay  1  is  modified  to  provide  discharge  of  the  Type  3  SBC  channel 
flow,  the  overall  spillway  capacity  at  the  project  will  be  reduced.  For  the  Type  3  design  presented,  this 
reduction  is  less  significant  than  with  the  Type  2  design,  because  a  smaller  section  of  Spillbay  1  would  be 
impacted  by  the  modifications  (see  Section  8.1 . 1).  As  described  in  Section  7. 1  for  the  Type  2  SBC 
design,  there  are  alternatives  for  restoring  the  hydraulic  capacity  of  the  project  if  this  capacity  reduction  is 
not  acceptable.  These  alternatives  include  lowering  the  spillway  crest  elevations  (either  selected  bays  or 
all  the  bays),  construction  of  a  new  spillway  at  the  embankment  section,  or  using  the  central  non-overflow 
section  of  the  dam  for  discharging  the  SBC  flow,  rather  than  Spillbay  1.  As  was  discussed  earlier,  there 
are  cost  and  engineering  advantages  to  discharging  at  the  central  non-overflow  section  over  the  other 
alternatives.  In  the  case  of  the  Type  3  design,  although  the  channel  width  required  is  only  1.83  meters  (6 
feet),  which  is  smaller  than  the  4.88  meters  (16  feet)  required  for  the  Type  2  SBC,  many  of  the  same 
issues  are  encountered  (see  sketches  in  Attachment  A).  For  example,  the  fish  and  service  gallery  would 
be  interrupted;  however,  the  drainage  gallery  access  shaft  might  be  spared.  Depending  on  priorities,  the 
elevator  machinery  room  could  be  spared  by  a  circuitous  routing  scheme.  Operational  effects  on  the  deck 
at  tailrace  elevation  would  be  similar  but,  with  a  narrower  channel,  may  be  less  severe.  Compared  to  the 
cost  of  the  Type  3  SBC  discharging  at  Spillbay  1,  it  is  estimated  that  locating  the  discharge  at  the  central 
non-overflow  section  would  decrease  the  cost  by  approximately  $4  million,  or  roughly  6.1  percent.  This 
represents  a  reduction  in  construction  cost  for  the  SBC  components  only,  and  does  not  include  estimated 
costs  for  resolution  of  potential  interferences  or  operational  problems  created  by  the  location  of  the  chute. 

Application  of  a  discharge  location  for  the  Type  3  SBC  at  the  central  non-overflow  section  appears  to  be 
feasible  at  Lower  Monumental  as  well.  A  similar  cost  reduction  would  be  anticipated  at  Lower 
Monumental. 

8.1.1  Hydraulics 

Channel  Entrances 

To  simplify  the  entrance  roller  gate  design  and  to  minimize  structure,  the  two  entrances  and  channels 
were  placed  side-by-side  with  a  common  wall  between.  A  semi-circular  trash  rack  that  contains  both 
entrances  is  provided  to  preclude  large  entrained  debris  from  entering  the  channels.  The  trash  rack  has  a 
radius  of  6.1  meters  (20  feet)  and  has  features  similar  to  those  described  for  the  Type  1  concept. 

As  with  collector  entrances  in  the  Type  1  design,  a  velocity  of  0.55  m/s  (1.8  ft/s)  is  developed  with  the 
channel  operating  in  the  screened  flow  mode  with  an  attraction  flow  of  56.6  m3/s  (2,000  cfs). 

Immediately  downsti  earn  of  the  screened  channel  entrance,  the  flow  passes  through  approximately  a  90- 
degree  bend  that  includes  a  centerline  guide  wall  which  helps  to  maintain  a  uniform  flow  distribution. 

Use  of  the  guide  wall  yields  centerline  radius  to  conduit  width  ratios  of  approximately  4.0  and  5.0  for 
each  half  of  the  conduit  through  the  bend.  The  conduit  will  remain  at  constant  depth,  but  walls  of  the 
conduit  will  converge  to  a  2.89-meter  (9.5-foot)  width  to  accelerate  the  flow  to  0.92  m/s  (3.0  ft/s).  The 
acceleration  combined  with  the  low  Froude  Number  (0.10)  will  prevent  flow  separations  (potential  fish 
holding  areas)  from  forming  at  the  inside  walls  of  the  conduit  bends. 

Emergency  bypass  gates  were  not  included  with  the  screened  channel  because  the  adjacent  parallel  full- 
flow  bypass  conduit  can  provide  this  function  if  required. 

As  noted,  with  an  uncontrolled  ogee  regulating  the  full-flow  bypass  channel,  discharges  through  the 
bypass  will  vary  with  forebay  levels  when  operating  in  the  bypass  mode.  Therefore,  entrance  velocity 
will  also  vary  with  forebay  level.  With  the  MOP  of  223.4  meters  (733.0  feet),  the  discharge  through  the 
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full-flow  bypass  would  be  approximately  67.8  m3/s  (2,393  cfs).  With  the  forebay  at  the  maximum  normal 
pool  of  224.9  meters  (738.0  feet),  the  discharge  through  the  full  flow  bypass  would  be  approximately  90.9 
m3/s  (3,209  cfs).  The  corresponding  entrance  velocities  would  be  0.66  m/s  and  0.88  m/s  (2.15  ft/s  and 
2.89  ft/s).  Immediately  downstream  of  the  bypass  channel  entrance,  the  flow  passes  through 
approximately  a  90-degree  bend  that  includes  a  centerline  guide  wall  which  helps  to  maintain  a  uniform 
flow  distribution.  Use  of  the  guide  wall  yields  centerline  radius  to  conduit  width  ratios  of  approximately 
2.0  and  3.0  for  each  half  of  the  conduit  through  the  bend.  The  conduit  will  remain  at  constant  depth,  but 
walls  of  the  conduit  will  converge  to  a  2.89-meter  (9.5-foot)-width  to  accelerate  the  flow  to  velocities 
ranging  from  1.10  m/s  to  1.60  m/s  (3.6  ft/s  to  4.8  ft/s)  for  minimum  and  maximum  operating  pool  levels, 
respectively.  The  acceleration  combined  with  the  low  Froude  Number  (0.10)  will  prevent  flow 
separations  from  forming  at  the  inside  walls  of  the  conduit  bends. 

Dewatering  Screens 

To  facilitate  the  simultaneous  operation  of  the  SBC  in  a  screened  flow  mode  and  the  ESBS  intake 
diversion  system,  which  both  pass  fish  into  the  existing  juvenile  gallery,  the  fish  transport  flow  in  the 
screened  flow  conduit  must  be  reduced  from  56.6  m3/s  (2,000  cfs)  to  0.85  m3/s  (30  cfs)  before  it  is 
released  to  the  gallery.  The  dewatering  screens  designed  for  this  purpose  were  designed  using  the 
screening  criteria  defined  in  Section  3.3.1.  These  include  screen  approach  velocity  components  which 
vary  from  0.36  m/s  (1.2  ft/s)  in  the  upstream  third  of  the  screen  length,  to  0.24  m/s  (0.8  ft/s)  in  the  middle 
third,  to  the  conventional  fry  criterion  of  0.12  m/s  (0.4  ft/s)  in  the  downstream  third.  The  screen  areas 
were  sized  assuming  that  75  percent  of  the  gross  area  would  be  effective. 

The  developed  screen  section  (see  Plate  3.1.3)  consists  of  12  stacks  of  3.05-meter  (lO.O-foot)-wide  screen 
panels,  two  each  with  depths  of  15.3  meters,  9.72  meters,  6.61  meters,  3.84  meters,  2.65  meters,  and  1.52 
meters  (50.1  feet,  31.9  feet,  21.7  feet,  12.6  feet,  8.7  feet,  and  5.0  feet).  This  is  a  conceptual  arrangement 
and  represents  one  of  many  possible  layouts.  Transport  velocities  were  held  at  3.0  ft/s  through  the  entire 
dewatering  reach.  This  reduced  velocity  in  addition  to  that  used  in  the  Type  1  design  allows  for  a 
maximized  cross-section  and  screen  depth  at  the  exit  from  the  screen  section,  yielding  an  exiting  transport 
conduit  that  is  1.5  meters  deep  (5.0  feet)  and  0.61  meter  (2.0  feet)  wide.  To  sustain  a  constant  transport 
velocity  while  dewatering  rates  vary,  the  conduit  width  and  depth  were  reduced  non-linearly.  The  conduit 
width  varies  from  2.89  meters  to  1.67  meters  (9.5  feet  to  5.5  feet)  over  the  first  third,  from  1.67  meters  to 
0.91  meter  (5.5  feet  to  3.0  feet)  over  the  middle  third,  and  from  0.91  meter  to  0.61  meter  (3.0  feet  to  2.0 
feet)  over  the  final  third  of  the  screen.  A  linear  screen  alignment  was  sustained  with  the  width  reduction 
made  with  the  opposite  wall.  With  the  36.6  meters  (120  feet)  total  screen  length,  transport  time  past  the 
screen  is  about  40  seconds  for  fish  moving  at  the  transport  velocity. 

The  limited  available  gallery  capacity  requires  dewatering  to  0.85  m3/s  (30  cfs)  or  1.5  percent  of  the 
initial  flow.  Although  a  control  weir  is  included  at  the  transport  channel  attachment  to  the  dam,  this  finish 
discharge  is  so  small  that  variation  in  dewatering  performance  could  yield  enough  variation  in  water  stage 
that  undesirable  transport  velocity  variations  could  occur  approaching  the  transport  conduit  entrance.  As 
a  consequence,  independent  control  was  added  to  the  last  two  screen  stacks.  The  adjustable  control  is 
achieved  by  adding  a  compartmentalized,  gated  box  to  the  back  of  the  screens.  The  box  would  extend  the 
full  6. 1-meter  (20-foot)  length  and  the  full  1 .5-meter  (5.0-foot)  height  of  the  screen  stacks.  It  would 
include  three  motorized  0.76-meter  (2.5-foot)  square,  low  head,  vertical  slide  gates.  Headloss  across 
these  gates  under  normal  operation  would  be  approximately  0.03  meter  (0. 1  foot).  Velocities  approaching 
the  transport  conduit  could  be  monitored  and  used  to  direct  gate  control. 
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Although  dewatering  flow  adjustment  capability  provided  by  this  gated  box  is  limited  to  approximately 
one  percent  of  total  dewatering  capacity,  it  represents  approximately  two-thirds  of  the  bypass  discharge. 
Consequently,  if  the  dewatering  system  is  functioning  close  to  design,  the  independently  controlled  screen 
panel  does  offer  good  capability  to  optimize  bypass  operation.  The  actual  configuration  of  an 
independent  control  structure,  and  an  estimate  of  the  operational  benefits  to  be  gained,  would  be 
determined  in  a  hydraulic  model  of  the  screening  system. 

Bypass  Conduit 

The  floor  of  the  bypass  conduit,  in  the  36.6-meter  (120-foot)-long  reach  parallel  to  the  screen  section, 
ramps  up  from  an  elevation  21.3  meters  (70.0  feet)  below  the  forebay  water  surface  to  an  elevation  15.2 
meters  (50.0  feet)  below  the  forebay  water  surface.  Likewise,  through  this  reach  the  width  of  the  channel 
reduces  from  2.89  meters  (9.5  feet)  to  1.83  meters  (6.0  feet).  As  a  consequence,  at  MOP  velocities  will 
accelerate  from  approximately  1.10  m/s  (3.6  ft/s)  to  approximately  2.5  m/s  (8.2  ft/s)  through  this  reach. 

At  maximum  operating  pool,  corresponding  velocities  will  accelerate  from  1.60  m/s  (4.8  ft/s)  to  3.35  m/s 
(1 1.0  ft/s).  The  bypass  flow  exits  this  converging  section  and  then  passes  through  a  conduit  section 
leading  to  the  SES,  This  section  of  conduit  is  1.82  meters  (6.0  feet)  wide  by  14.6  meters  to  15.2  meters 
(48  feet  to  50  feet)  deep  (depending  on  velocity  and  head  losses)  and  turns  through  a  90-degree  bend. 

The  bend  has  a  9.1-meter  (30.0-foot)  centerline  radius  which  yields  a  radius  to  channel  width  ratio  of  5.0. 

Switch  Gate 

A  15.2-meter  (50,0-foot)-deep  by  6.10-meter  (20,0-foot)-long  switch  gate  is  included  in  the  wall  of  the 
1.82-meter  (6.0-foot)-wide  conduit  section  described  above.  With  the  switch  gate  set  in  the  wall,  an 
obstruction-free  path  is  created  for  the  full-flow  bypass.  With  the  switch  gate  open,  the  screened  flow 
would  be  directed  to  the  raised  ogee.  The  switch  gate  generates  both  a  fairly  well  aligned  boundary  for 
guidance  of  the  screened  flow  into  the  channel  and  a  wall  that  prevents  backflow  into  the  full-flow  bypass 
channel.  Depending  on  transition  treatments  and  the  resulting  gate  coefficient,  the  headlosses  in  the 
screened  flow  passing  the  switch  gate  may  be  substantial.  Based  on  a  coefficient  of  0.6,  head  loss  across 
the  switch  gate  when  passing  a  screened  flow  discharge  of  56.6  nv/s  (2,000  cfs)  would  be  approximately 
0.4  meter  (1,3  feet).  It  may  be  desirable  to  explore  options  for  reducing  losses  across  this  gate  if  the 
concept  is  pursued.  Refining  the  design  would  lead  to  raising  the  ogee  crest  elevation  which  in  turn 
would  reduce  full-flow  bypass  discharges  and  differential  loading  on  the  structure. 

Elevated  Spillway  Flow  Control 

A  single  raised  ogee  is  used  to  control  flow  through  both  the  screened  and  full-flow  bypass  channels.  The 
56.6  m  /s  (2,000  cfs)  flow  rate  for  the  screened  mode  of  operation  is  held  approximately  constant, 
independent  of  forebay  stage,  to  optimize  control  of  flow  conditions  through  the  screens  and  to  minimi 
screen  size.  Near  constant  flow  during  screen  operation  is  achieved  through  use  of  the  leaf  gate 
positioned  at  the  ogee  crest.  Because  larger  head  losses  occur  through  the  system  during  screened 
operation  than  when  in  the  bypass  mode,  the  critical  design  head  for  the  ogee  occurs  on  the  screened  path. 
Head  losses  through  the  SBC  system  during  screened  operation  are  approximately  0.85  meter  (2.8  feet). 
Considering  the  available  head  at  the  ogee,  and  estimating  an  ogee  coefficient  as  discussed  for  the  Type  2 
design  in  Section  7.1,1,  the  ogee  crest  was  set  at  elevation  216.5  meters  (710.3  feet).  With  this  design,  at 
the  MOP,  the  56.6  m  /s  (2,000  cfs)  discharge  would  be  passed  through  the  screened  system  and  over  an 
uncontrolled  ogee.  As  the  forebay  elevation  rises  and  the  resulting  head  on  the  ogee  increases,  the  56.6 
m  /s  (2,000  cfs)  discharge  would  be  maintained  through  use  of  leaf  gate  control. 
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With  the  above  ogee,  flows  through  the  full-flow  bypass  and  over  the  uncontrolled  ogee  will  range  from 
67.8  m3/s  (2,392  cfs)  at  the  MOP  to  90.9  m3/s  (3,209  cfs)  at  the  maximum  operating  pool. 

Influence  on  Spillway  Capacity 

The  elevated  ogee  yields  approximately  a  30  percent  loss  of  spill  capacity  in  one  of  the  eight  spillbays. 

As  a  consequence,  the  current  spill  capacity  of  24,100  m3/s  (850  kefs)  would  be  reduced  to  23,210  m3/s 
(819.6  kefs)  with  no  SBC  release,  or  23,320  m3/s  (823.6  kefs)  with  supplemental  SBC  release.  This 
corresponds  to  approximately  a  3.1  percent  reduction  in  total  release  capacity.  A  spillway  rating  curve 
with  the  SBC  installed  is  presented  in  Figure  8.1. 

Behavioral  Guidance  System 

The  collector  configuration  and  BGS  presented  on  Plates  3.1.1  and  3.1.5  have  not  been  specifically  model 
studied.  However,  sufficient  hydraulic  modeling  has  been  conducted  to  project  what  conditions  may  be 
effective  at  generating  guidance  velocities  along  the  BGS  toward  the  proposed  collector  entrance. 
Additionally,  testing  of  the  prototype  BGS  at  Lower  Granite  was  performed  in  1998,  and  the  results  are 
discussed  in  Section  2.2.2  of  this  report.  However,  this  prototype  is  a  BGS  extending  335  meters  (1,100 
feet)  upstream  and  covering  only  three  powerhouse  units,  as  opposed  to  four  units  proposed  for  this 
design.  It  is  suggested  that  prior  to  final  design  of  a  four-unit  BGS  extending  489.5  meters  (1,606  feet) 
upstream  modeling  should  be  performed  to  determine  the  design  details  most  likely  to  achieve  biological 
success.  The  following  performance  features  and  design  considerations  were  applied  in  developing  the 
conceptual  design  presented  in  this  report: 

•  Results  from  modeling  at  the  WES  [25]  and  data  obtained  from  Glen  Davis  at  WES,  show  the 
BGS  does  not  generate  velocity  concentrations  on  its  face,  but  does  supply  a  deep  barrier  that 
crosses  the  approach  velocity  field  to  the  turbine  intakes.  Velocities  along  the  BGS  face  reduce 
with  distance  from  the  turbine  intakes.  By  placing  the  BGS  at  a  small  angle  relative  to  the 
general  approach  flow  direction,  it  is  likely  that  fish  will  guide  along  the  barrier  and  not  be 
attracted  or  entrained  under  it. 

•  The  flow  entering  the  turbine  intakes  behind  the  BGS  must  pass  under  the  BGS.  To  assure  that 
velocities  under  the  BGS  are  less  than  the  0.61  m/s  (2.0  ft/s)  criterion,  an  underflow  area  greater 
than  or  equal  to  the  turbine  discharge  divided  by  the  velocity  criterion  should  be  supplied  at  the 
minimum  normal  pool  of  223.4  meters  (733.0  feet). 

•  The  distribution  of  velocities  along  and  under  the  BGS  will  depend  on  power  release  and  spill 
discharge  magnitudes  and  distributions.  Operations  required  to  sustain  the  desired  flow 
conditions  should  be  thoroughly  reviewed  through  physical  modeling  prior  to  commitment  to  a 
design. 

•  The  modeling  conducted  at  WES  shows  that  the  distribution  of  velocities  under  the  BGS  is  not 
strongly  dependent  on  proximity  to  the  powerhouse  face  (i.e.,  velocities  under  the  BGS  are  not 
substantially  higher  near  the  powerhouse).  As  a  consequence,  it  is  not  necessary  to  make  the 
BGS  much  deeper  near  the  powerhouse. 

•  The  BGS  should  be  fairly  deep  throughout  its  length  to  optimize  fish  interception  and  guidance. 
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Figure  8.1  -  Lower  Granite  Lock  and  Dam  -  Spill  Capacity  with  SBC  Type  3 
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•  The  BGS  should  extend  to  the  bank,  thus  allowing  interception  of  juvenile  fish  in  this  preferred 
near  shore  habitat  zone. 

•  Extending  the  BGS  far  below  the  bottom  of  the  SBC  channel  may  expose  the  BGS  (near  the 
powerhouse)  to  higher  velocities,  which  might  cause  stability  problems.  As  a  consequence,  the 
maximum  depth  of  the  BGS  should  probably  be  approximately  24  meters  (80  feet). 

•  The  minimum  BGS  to  reservoir  bottom  clearance  should  be  4.9  meters  (16  feet),  at  a  minimum 
normal  reservoir  pool  elevation  of  223.4  meters  (733.0  feet).  This  should  prevent  the  BGS  from 
impinging  on  the  bottom,  even  if  the  BGS  is  left  in  place  through  operation  at  the  minimum  flood 
control  pool,  elevation  220.0  meters  (724.0  feet). 

With  this  design,  Units  1  through  4  would  draw  their  flow  under  the  BGS.  Assuming  a  discharge  of  617 
m3/s  (21,800  cfs)  per  unit,  the  area  under  the  BGS  was  sized  for  a  discharge  of  2,470  m3/s  (87,200  cfs). 
The  recommended  BGS  is  presented  on  Plate  3.1.5.  The  depth  of  the  BGS  ranges  from  24.4  meters  (80 
feet)  to  3.0  meters  (10  feet)  over  a  489.5-meter  (1,606-foot)  length.  The  final  32  meters  (106  feet)  of  this 
length  consists  of  a  surface  to  bottom  flexible  curtain  section  attached  to  a  new  earthfill  embankment  with 
a  concrete  headwall.  This  section  is  added  to  extend  the  BGS  barrier  to  the  bank.  The  curtain  supplies  a 
vertically  adjustable  barrier  that  would  vary  with  forebay  stage  in  the  shallow  zone.  Use  of  the 
embankment  prevents  extending  the  curtain  across  bare  ground  and  should  also  reduce  the  potential  for 
vandalism  of  the  curtain.  The  proposed  BGS  has  an  underflow  area  of  4,127  m2  (44,426  ft2)  at  MOP 
elevation  of  223.4  meters  (733.0  feet),  which  yields  an  average  underflow  velocity  of  0.59  m/s  (1.95  ft/s). 
At  the  minimum  flood  control  pool  elevation  of  220.7  meters  (724  feet)  the  underflow  area  would  be 
approximately  2,873  m2  (30,926  ft2)  resulting  in  an  average  underflow  velocity  of  0.86  m/s  (2.82  ft/s) 
with  all  four  units  operating.  Although  this  is  outside  the  design  range  for  normal  operation  with  fish 
present  in  the  forebay,  the  BGS  would  structurally  need  to  be  designed  for  this  potential  underflow 
velocity. 

Fish  Ladder  Extension 

The  BGS  extends  to  the  bank  and  may  pose  a  barrier  to  adult  fish  passage.  To  improve  adult  passage, 
FLE  structures  were  proposed  and  developed  in  previous  studies,  that  would  extend  the  south  fish  ladder 
across  the  forebay  and  through  the  BGS.  It  was  proposed  that  supplemental  flow  and  flow  generating 
head  be  added  to  this  floating  channel  through  use  of  a  pump  placed  at  the  dam  (i.e.,  pump  from  the  FLE 
near  the  current  ladder  exit  and  discharge  back  to  the  reservoir).  Use  of  the  pump  would  compensate  for 
head  losses  and  flow  reduction  influences  of  the  1 68-meter  (55 1-foot)  long  FLE  channel.  The  target 
velocity  range  for  flows  in  the  FLE  channel  designed  originally  for  Ice  Harbor,  from  which  this  is  design 
based,  was  approximately  0.46  m/s  to  0.69  m/s  (1.5  ft/s  to  2.25  ft/s)  [26].  Evaluation  of  the  hydraulic 
conditions  in  the  FLE  for  Lower  Granite  would  need  to  be  confirmed. 

8.1.2  Structural  Design 

SBC  Channel  and  Spillway  Extension  Structure 

The  two-unit  Type  3  SBC  channel  is  a  floating  structure  similar  to  those  described  for  the  previous  two 
designs.  As  with  the  Type  2  SBC  channel,  the  bulk  of  the  flow  would  be  discharged  to  the  tailrace  over  a 
new  elevated  concrete  spillway  section  incorporated  into  the  existing  Spillbay  1 .  A  new  vertical  leaf  gate 
and  a  new  Tainter  gate  for  the  remaining  unmodified  portion  of  Spillbay  1  would  be  required;  however. 
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the  dimensions  of  these  gates  would  be  different  than  those  described  for  the  Type  2  design  (see  Plate 
3.1,2).  Structural  issues  and  design  criteria  for  the  channel  and  SES  as  applied  to  Lower  Granite  are 
similar  to  those  addressed  for  the  Type  1  and  Type  2  designs,  with  the  following  notable  exceptions. 

Because  the  fish  transport  flow  is  directed  to  the  north,  a  penetr  ation  in  the  forebay  wall  of  the  central 
non-overflow  section  of  the  dam  is  made.  The  proposed  design  is  to  cut  an  opening  through  the  concrete 
to  the  north  of  the  existing  auxiliary  water  port  and  add  a  steel  caisson  to  receive  the  conduit  flow.  This  is 
depicted  on  Plates  3.1.2  and  3.1.3.  The  new  opening  leads  directly  to  the  existing  fish  gallery  in  the  dam. 
The  caisson  would  be  similar  in  design  to  that  described  at  the  south  end  of  the  powerhouse  for  the  Type 
1  design,  except  that  it  would  not  contain  the  debris  skimmer.  The  caisson  consists  of  stiffened  steel 
panels  designed  for  a  fully  dewatered  condition  at  the  forebay  maximum  flood  elevation  of  227.5  meters 
(746.5  feet).  As  in  the  Type  1  design  at  Lower  Granite,  a  debris  skimmer  system  would  still  be  required 
at  the  gallery  downwell  in  the  erection  bay  where  the  floating  debris  would  accumulate.  The  size  of  the 
caisson  and  the  opening  at  the  debris  skimmer  would  be  smaller  than  previously  described  since  the  fish 
transport  conduit  is  located  at  the  north  end  of  the  powerhouse. 

The  SES,  the  caisson  at  the  gallery  penetration,  and  the  section  of  transport  conduit  outside  the  channel 
are  all  relatively  slender  structural  components.  Bracing  will  be  required  to  laterally  support  these 
systems.  A  majority  of  this  bracing  could  be  outside  the  structures  themselves  to  avoid  interference  with 
fish  transport  and  to  minimize  debris  accumulation. 

A  structural  concern  exists  with  the  dual-channel  layout  of  the  Type  3  channel.  If  the  sliding  doors  at  the 
entrance  and  the  hinged  switch  gate  within  the  conduit  (depicted  on  Plate  3.1.2)  are  set  in  opposite  modes, 
and  the  spillway  leaf  gate  is  opened,  rapid  evacuation  of  one  of  the  conduits  and  possible  collapse  of 
channel  components  might  result.  This  would  occur,  for  example,  if  the  sliding  doors  were  set  to  close 
off  the  bypass  conduit  while  the  hinged  switch  gate  were  set  in  its  retracted  position  in  line  with  the 
conduit  wall.  Therefore,  interlocks  should  be  incorporated  into  the  controls  design  to  prevent  this 
scenario  from  occurring  accidentally. 

Channel  Cutoff  Wall 

The  structural  design  issues  for  the  cutoff  wall  located  below  the  channel  at  the  northern  end  of  the 
powerhouse  are  the  same  as  previously  described  for  the  Type  1  SBC  channel  design. 

Behavioral  Guidance  Structure 

The  BGS  is  effectively  an  articulated  rigid-panel  steel  curtain  suspended  in  the  forebay  by  pontoons  with 
the  desired  goal  of  precluding  fish  from  passing  behind  it.  The  proposed  BGS  for  the  Type  3  SBC  is 
essentially  a  direct  incorporation  of  the  design  of  the  prototype  BGS  tested  at  Lower  Granite  in  1998. 

One  major  difference  assumed  in  this  report  is  that  the  BGS  would  be  a  permanently  moored  structure, 
while  the  prototype  is  one  that  can  be  towed  into  a  storage  position  for  testing  purposes.  Consequently, 
many  of  the  operational  issues  associated  with  the  prototype  will  not  be  present.  Foremost  of  these  is  a 
testing  protocol  which  requires  a  rather  complex  system  of  winches  and  cables  and  multiple  shore-based 
anchorage  systems  that  allows  the  prototype  to  be  moved  in  the  forebay.  Rather,  a  permanent  anchorage 
system  is  proposed.  The  structure  will  accommodate  all  credible  design  loads  and  forebay  elevation 
fluctuations.  The  other  major  difference  with  the  BGS  design  depicted  is  that  die  opening  between  the 
upstream  end  of  the  BGS  and  the  shore  has  been  closed  to  preclude  juvenile  fish  from  entering  the 
excluded  area  via  a  near-shore  path.  To  accomplish  this,  the  rigid  panels  have  been  extended  closer  to  the 
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shore  and  a  flexible  curtain  has  been  added  between  the  rigid  panels  sections  and  the  shore.  The  flexible 
curtain  section  is  proposed  due  to  the  need  to  account  for  very  shallow  near-shore  depths  and  the 
significant  fluctuations  possible  in  the  forebay  elevation.  A  rigid  panel  system  would  “bottom  out” 
during  low  forebay  events  so  near  to  shore.  In  addition,  because  of  the  need  to  accommodate  these 
forebay  fluctuations  and  out  of  concern  of  damaging  the  flexible  curtain  in  the  wave  zone,  an  earth  fill 
embankment  structure  with  a  concrete  headwall  is  depicted  protruding  from  the  shore.  The  curtain  is 
attached  to  the  concrete  headwall  with  a  sliding  attachment  that  would  allow  the  end  of  the  curtain  to  rise 
and  fall  with  the  forebay. 

In  response  to  a  potential  debris  maintenance  problem  associated  with  the  multiple  buoy/cable 
attachments  on  the  upstream  face  of  the  prototype,  an  enhancement  of  the  cable  attachment  system  to  the 
pontoons  on  the  BGS  is  proposed  as  shown  on  Plate  3.1.5.  The  vertical  guide  buoys  (which  enable  the 
pontoons  to  tilt  freely  under  hydraulic  load)  have  been  incorporated  into  the  pontoon  system  itself,  rather 
than  being  located  just  upstream  of  the  face  of  the  BGS  and  attached  by  near-surface  cables.  This  should 
result  in  a  substantial  reduction  in  the  chance  that  debris  will  accumulate  and  become  entangled  in  the 
anchor  cable  and  buoys.  It  would  also  allow  small  boats  performing  debris  maintenance  to  pass  alongside 
the  upstream  face  with  a  reduced  chance  of  fouling  their  propellers. 

A  system  of  transverse  anchor  cables  and  back  anchor  cables  keeps  the  BGS  in  the  desired  position  in  the 
forebay  while  a  longitudinal  cable  secures  the  articulated  structure  along  its  length.  The  longitudinal 
cable  would  be  secured  to  the  shore  with  a  deadman  anchor  incorporated  into  the  new  embankment  and 
concrete  headwall  on  the  shore. 

It  is  anticipated  that  during  periods  of  high  spill  or  during  load  rejection  the  BGS  could  float  in  an 
outward  manner  (away  from  the  powerhouse).  The  back  anchor  cables  preclude  excess  movement  in  the 
upstream  transverse  direction.  It  is  not  anticipated,  however,  that  a  direct  attachment  to  the  powerhouse 
or  SBC  channel  would  be  required  to  stabilize  the  movement  of  the  BGS.  Confirmation  of  this  would  be 
required  in  model  studies  of  the  forebay  under  different  project  hydraulic  conditions.  Rather,  a  flexible 
closure  seal  with  the  SBC  channel  would  be  required  to  preclude  fish  from  escaping  around  the  end  of  the 
BGS.  This  seal  should  be  flexible  enough,  and  the  gap  large  enough  between  solid  structures,  to  allow 
the  BGS  to  travel  slightly  downstream  (or  upstream)  during  fluctuations  in  the  forebay  water  level  or 
periods  of  fluctuating  powerhouse  hydraulic  loads. 

Fish  Ladder  Extension 

As  noted  above,  the  FLE  is  a  structure  that  has  been  included  in  this  design  to  allow  upstream  migrating 
adult  fish  a  direct  path  from  behind  the  BGS  to  a  location  on  the  upstream  side.  This  is  required  because 
the  upstream  end  of  the  BGS  closes  off  the  forebay  at  the  shore,  precluding  unimpeded  travel  upriver. 

The  FLE  is  a  1.8-meter  (6-foot)-wide  by  168-meter  (551-foot)-long  floating  steel  channel  that  attaches  at 
its  downstream  end  to  a  fixed  structure  located  at  the  existing  fish  ladder  exit.  At  its  upstream  end,  it 
penetrates  the  pontoons  of  the  BGS  to  allow  for  a  direct  path  from  the  existing  ladder  exit  to  the  rest  of 
the  forebay  upstream  of  the  BGS.  The  FLE  shown  was  adapted  from  a  design  originally  developed  for 
Ice  Harbor.  It  is  assumed  that  the  design  is  appropriate  for  Lower  Granite  although  no  extensive  review 
of  this  has  been  performed.  One  problem  unique  to  Lower  Granite  which  must  be  addressed  in  the  final 
design  is  that  Lower  Granite  can  be  operated  as  a  flood  storage  reservoir.  This  results  in  a  greater 
potential  fluctuation  of  the  forebay  water  surface  at  Lower  Granite  than  at  Ice  Harbor.  Since  the  forebay 
can  be  drawn  down  up  to  2.74  meters  (9  feet)  below  MOP,  the  design  of  the  structure  would  have  to  be 
adjusted  somewhat,  especially  at  the  downstream  end  where  it  attaches  to  the  dam.  To  account  for  this, 
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the  cost  of  the  FLE  at  Lower  Granite  has  been  increased  by  approximately  10  percent  in  the  cost 
estimates. 

The  FLE  is  attached  to  the  dam  at  the  existing  fish  ladder  exit  with  a  pinned  or  sliding  connection  to 
accommodate  the  forebay  fluctuations.  It  is  also  anchored  in  the  forebay  with  both  an  anchoring  system 
and  a  guy  wire  system  back  to  the  dam.  A  pump  is  incorporated  into  the  FLE  design  to  add  flow  capacity 
to  the  channel  to  optimize  flow  conditions  for  the  adult  fish.  Hydraulically  actuated  control  gates  make 
isolation  of  the  FLE  possible  so  that  adult  fish  can  be  shunted  directly  to  the  forebay,  if  that  were  desired. 

8.1.3  Mechanical  Requirements 

Many  of  the  mechanical  components  and  issues  discussed  for  the  Type  1  design  at  Lower  Granite 
(Section  5.1. o)  also  apply  to  this  design.  These  include  the  use  of  vertical  brush  bar  screen  cleaners,  a 
pivoting  trash  rake  with  muck  car  at  the  channel  entrance,  a  tilting  weir  to  control  the  flow  rate  into  the 
juvenile  gallery,  and  a  debris  skimmer  located  at  the  gallery  downwell.  One  item  not  required  is  the  set  of 
emergency  bypass  doors  prescribed  for  the  Type  1  designs  because  this  design  has  a  bypass  operating 
mode  built  into  it.  As  previously  described,  the  dewatering  screen  panels  and  cleaner  frames  would  be 
designed  to  be  lifted  with  the  existing  project  mobile  crane,  and  a  new  smaller  boom  truck  would  be 
procured  to  lift  the  muck  car  and  debris  skimmer  hopper.  Mechanical  requirements  associated  with  the 
channel  discharge  are  as  described  for  the  Type  2  design  in  Section  7.1.3,  including  a  hoist  for  the  new 
leaf  gate  and  modifications  to  the  existing  Tainter  gate  hoist.  However,  in  each  of  these  cases  a  few 
minor  differences  exist  with  this  design,  as  noted  below. 

•  The  dewatering  screen  wall  length  is  36.6  meters  (120  feet).  For  the  purposes  of  estimating 
equipment  requirements  it  is  assumed  that  screen  cleaning  would  be  accomplished  with  10 
vertical  brush  bar  frames,  each  3.66  meters  (12  feet)  wide.  This  represents  25  percent  of  the 
number  of  cleaners  required  for  the  Type  1  design, 

•  The  pivoting  trash  rake  at  the  channel  entrance  is  dedicated  to  a  single  entrance  reducing  the 
mechanical  requirement  that  it  be  mobile.  This  reduces  the  estimated  cost  of  this  machine  from 
$659,000  to  $482,000. 

•  No  submerged  weirs  are  required  within  the  conduit  system  to  control  flows;  therefore,  only  on 
weir  is  required  at  the  end  of  the  conduit. 

•  New  hoisting  machinery  requirements  for  the  vertical  leaf  gate  at  the  elevated  spillway  section 
would  be  smaller  than  with  the  Type  2  design  because  the  gate  is  smaller. 

A  number  of  mechanical  components  unique  to  the  Type  3  design  will  also  be  required.  These  are 
discussed  in  detail  below: 

Entrance  Doors  and  Hinged  Switch  Gate 

The  Type  3  SBC  channel  design  includes  two  side-by-side  entrances,  each  associated  with  a  separate 
internal  conduit.  Although  the  operational  mode  of  each  of  these  internal  systems  is  different  (screened 
or  bypass  flow),  the  design  flow  rates  for  each  conduit  are  about  the  same.  Additionally,  the  design  intent 
is  that  these  two  systems  would  never  operate  simultaneously;  therefore,  it  would  appear  redundant  and 
unnecessarily  expensive  to  provide  individual  controls  and  discharge  facilities  for  each  system.  As  a 
result,  a  single  discharge  facility  is  provided  at  Spillbay  1  with  a  means  of  hydraulically  switching 
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between  the  two  systems.  This  is  accomplished  with  the  sliding  doors  at  the  entrances  and  a  hinged 
switch  gate  inside  the  channel. 

The  sliding  doors  are  designed  to  move  horizontally  in  tracks  closing  off  either  one  or  the  other  entrance. 
Because  the  entrances  are  4.88  meters  (16  feet)  wide,  the  doors  are  also  approximately  4.88  meters  (16 
feet)  wide.  Four,  approximately  square,  door  panels,  each  5.33  meters  (17.5  feet)  tall,  would  be  stacked 
vertically  to  cover  the  total  entrance  height  of  21.3  meters  (70  feet).  The  full  stroke  of  the  doors  would  be 
about  4.88  meters  (16  feet).  This  would  preclude  both  entrances  from  being  open  simultaneously.  The 
actuation  of  the  door  panels  would  be  accomplished  with  submerged  pistons  mounted  to  the  outside  face 
of  the  channel  wall.  The  pistons  could  be  either  pneumatically  or  hydraulically  controlled.  If  hydraulic 
cylinders  are  to  be  used,  the  fluid  should  be  environmentally  approved  for  inriver  usage. 

The  hinged  switch  gate  is  located  along  the  internal  conduit  wall  just  upstream  of  the  90-degree  conduit 
bend  leading  to  the  SES.  The  gate  is  6.10  meters  (20  feet)  wide  by  15.8  meters  (52  feet)  high  and  is 
mounted  on  hinge  pins  at  its  upstream  end.  It  could  consist  of  a  single  panel  or  multiple  panels  stacked 
vertically.  This  gate  would  be  set  in  either  one  of  two  positions.  When  the  gate  is  in  the  position  lined  up 
with  the  conduit  wall,  the  flow  leading  to  the  SES  would  come  through  the  unscreened  bypass  conduit. 
When  the  gate  is  rotated  such  that  its  downstream  end  is  sealed  against  the  far  conduit  wall,  the  flow 
would  be  drawn  from  the  downstream  side  of  the  dewatering  screens.  Similar  to  the  sliding  doors,  this 
gate  would  also  be  controlled  by  a  series  of  pneumatic  or  hydraulic  pistons.  The  pistons  and  cylinders 
would  be  located  inside  the  channel  but  outside  the  conduit  and  would  actuate  the  gate  from  its  west  face. 
In  this  way  the  pistons  would  pull  the  gate  back  to  allow  for  fish  bypass  flow  leaving  no  obstructions  in 
the  flow  path  when  operating  in  this  position.  To  operate  in  the  screened  mode  the  pistons  would  push 
the  gate  to  the  opposite  position.  This  would  leave  the  pistons  in  the  flow  path,  however,  the  flow  would 
be  from  the  downstream  side  of  the  dewatering  screens  and  would  not  contain  fish  or  debris. 

Gated  Porosity  Control 

The  gated  porosity  control  box  located  behind  the  downstream  end  of  the  dewatering  screen  section 
includes  three  low-head  slide  gates  to  better  control  the  final  dewatering  flow  rate.  These  gates  will  each 
require  motorized  operators.  The  control  of  these  operators  would  be  tied  to  a  PLC  monitoring  various 
flow  rates  throughout  the  system. 

Fish  Ladder  Extension  Pumps  and  Gates 

A  0.66  m3/s  (23.4  cfs)  water  pump  is  included  as  part  of  the  design  of  the  FLE,  based  on  the  Corps’ 
previously  prepared  design  for  Ice  Harbor.  The  size  of  this  pump  may  be  adjusted  for  Lower  Granite  but 
this  would  be  a  matter  for  final  design.  In  addition  to  the  water  pump,  there  is  a  hydraulic  pump  for  the 
hydraulic  cylinders  on  the  two  water  control  gates  at  the  FLE.  Control  of  these  pumps  and  operators 
would  be  by  a  PLC,  with  manual  backup. 

8.1.4  Electrical  Requirements 

Primary  Power  Considerations 

Except  for  the  slightly  reduced  electrical  loading  for  the  Type  3  SBC  (as  compared  to  the  Type  1  design), 
the  electrical  requirements  are  similar  to  the  requirements  for  the  Type  1  screened  collection  channel  and 
the  Type  2  bypass  collection  channel.  For  the  Type  3  SBC  design,  typical  loads  include  screen  cleaner 
motors,  the  entrance  rake  machinery,  motors  for  the  tilting  weir  and  the  gated  porosity  control  section  at 
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the  end  of  the  dewatering  section,  a  motor  for  the  compressed  air  system  which  supplies  air  to  the 
pneumatic  actuators  for  the  switch  gate  and  sliding  doors  at  the  channel  entrance,  and  the  hoist  for  the  leaf 
gate  at  the  new  raised  ogee  spillway  crest.  Additionally,  like  the  Type  1  SBC  at  Lower  Granite,  electrical 
power  is  required  in  the  area  of  the  erection  bay  for  the  drive  motors  for  the  debris  skimmer.  The  Type  3 
SBC  also  includes  an  FLE,  adding  electrical  loads  for  the  attraction  water  pump  motor  and  the  hydraulic 
system  pump  motor  (for  the  FLE  control  gates)  near  the  fish  ladder  exit  at  the  south  non-overflow  section. 

Because  of  the  similarities  with  the  Type  1  SBC  at  Lower  Granite  (including  the  magnitude  of  total  load), 
the  same  power  source  and  feeder  routing  are  employed  (see  Section  5. 1 .4).  For  the  Type  3  at  Lower 
Granite,  the  total  electrical  load  is  approximately  350  amperes  at  480  volts  ac.  Calculations  for  estimated 
electrical  loads  are  provided  in  Attachment  A.  A  one-line  diagram  illustrating  the  electrical  loads,  power 
sources  and  components  is  provided  on  Plate  3.1.6. 

Instrumentation  and  Controls 

Controls  issues  for  the  Type  3  SBC  are  similar  to  those  for  the  full  powerhouse  screened  channel  of 
Type  1 .  However,  rather  than  the  T ainter  gate  providing  control  of  flow  in  the  channel  during  screening 
mode,  the  vertical  leaf  gates  will  provide  this  control.  Unlike  the  Type  1  channel,  the  additional  bypass 
route  through  the  channel  (the  nonscreened  route)  introduces  a  greater  level  of  complexity  and  additional 
safety  issues  related  to  the  channel  operation.  These  stem  from  the  need  to  ensure  that  the  gates  that  close 
one  or  the  other  channel  entrance  (the  sliding  gates)  are  never  deployed  without  regard  for  the  position  of 
the  switch  gate  located  downstream  in  the  channel.  Failure  to  properly  sequence  the  manipulation  of 
these  gates  in  conjunction  with  the  leaf  gate  at  the  spillway  could  result  in  excessive  dewatering  of  a 
portion  of  the  channel,  leading  to  damage  of  the  channel  and  channel  components.  Proper  programming 
of  the  PLC  through  data  collected  with  water  level  indicators  and  gate  position  indicators  will  prevent  this 
problem.  As  an  additional  safety  measure,  fused  blow-out  panels  located  in  the  walls  of  the  conduits 
could  guard  against  collapse  of  the  conduit  walls  if  the  gates  are  improperly  moved  and  the  channel  is 
inadvertently  overloaded. 

Separate  control  issues  are  introduced  with  the  FLE  to  regulate  the  FLE  water  pump  and  control  gates. 
These  typically  do  not  interrelate  with  the  control  issues  for  the  channel  and  could  be  handled  by  the  same 
or  a  separate  PLC. 

8,1.5  Operation  and  Maintenance  issues 

Except  for  the  presence  of  the  BGS  and  the  FLE,  the  system  operations,  corrosion  protection,  debris 
maintenance,  and  mechanical  system  maintenance  issues  for  the  Type  3  SBC  are  similar  to  those 
discussed  for  the  Type  1  design,  although  reduced  in  magnitude.  With  the  fixed  entrance  debris  rake 
(rather  than  a  rail-mounted  one)  the  complexity  of  that  system  will  be  reduced  from  an  O&M  standpoint. 
Also,  since  the  total  magnitude  of  the  system  is  reduced  (only  one  entrance  and  dewatering  area),  it  is 
anticipated  that  one  full-time  operator  will  be  required  to  handle  the  daily  operations  of  the  channel.  This 
would  represent  an  average  requirement  over  the  operating  season.  Off-season  maintenance  requirements 
would  be  reduced  over  the  previously  described  designs  due  to  the  reduction  in  overall  magnitude  of  the 
system. 

Because  the  BGS  dir  ects  fish  (and  debris)  to  the  SBC  entrance,  it  is  likely  that  the  entrance  debris  rake 
will  operate  more  frequently  to  keep  the  entrance  rack  clear  of  debris.  Debris  management  at  the  BGS  is 
anticipated  to  be  similar  to  that  of  the  existing  trash  shear  boom,  except  that  the  total  volume  of  material 
should  be  reduced  due  to  the  presence  of  the  trash  shear  boom  upstream  of  the  BGS.  Good,  unfettered 
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access  by  boat  to  both  faces  of  the  BGS  is  possible  with  the  integration  of  the  vertical  guide  buoy  into  the 
pontoon  system  as  shown  on  Plate  3.1.5.  This  anchorage  attachment  design  also  results  in  relatively  little 
opportunity  for  debris  to  hang  up  on  the  BGS  pontoon  or  anchor  system. 

Routine  O&M  of  the  ESBS  system  will  be  required.  These  requirements  are  well  documented  and  should 
be  the  same  as  currently  experienced  at  Lower  Granite.  O&M  costs  associated  with  the  ESBS  system  are 
not  included  in  the  SBC  O&M  estimates  as  these  are  viewed  as  existing  costs  which  are  not  changed  by 
the  presence  of  the  SBC  channel. 

8.1.6  Construction  Issues 

Fabrication/Installation  Strategies 

Construction  issues  for  the  Type  3  SBC  design  are  similar  to  those  discussed  for  the  Type  1  design  (as 
concerning  the  channel)  and  the  Type  2  design  (as  concerning  the  spillway  modifications)  with  the 
exception  of  the  addition  of  the  BGS  and  FLE.  Thus,  installation  strategies  for  the  components  would  be 
the  same  utilizing  barged  or  trucked  sub-assemblies  erected  remotely  from  the  powerhouse  for  final 
installation  by  floating  them  into  position.  Final  fit-out  would  be  accomplished  with  the  channel  in  place. 

The  BGS,  being  a  separate  floating  structure,  could  be  constructed  anywhere  that  sufficient  draft  is 
available  for  the  rigid  curtain  to  be  assembled,  installed,  and  floated  into  place.  Installation  of  the 
anchorage  system  for  the  BGS  would  require  the  use  of  barges,  cranes,  and  divers.  Assembly  and 
installation  of  the  FLE  would  be  performed  in  a  similar  manner  and  would  be  most  efficiently  done  in 
conjunction  with  the  BGS  installation.  Since  the  FLE  components  have  considerably  less  draft  than  the 
BGS  components,  the  depth  requirements  for  locations  in  the  river  where  the  construction  and  initial 
assembly  could  take  place  are  less  restrictive. 

Construction  Sequencing 

Sequencing  of  construction  is  constrained  by  the  same  issues  identified  for  the  Type  1  SBC.  The  narrow 
3-month  in-water  work  window  substantially  affects  scheduling  and  performance  of  work  that  would  be 
disruptive  to  fish  passage  (upstream  and  downstream)  and  makes  it  questionable  whether  the  entire  SBC 
system  could  be  made  operational  prior  to  start  of  the  following  year’s  fish  migration  season.  With  the 
shorter  channel  proposed  for  the  Type  3  SBC,  it  is  more  likely  that  all  the  internal  systems  could  be  made 
operational  in  less  time  than  for  the  Type  1  or  2  designs.  As  a  compromise  position,  for  the  first  season, 
the  channel  could  be  operated  as  a  nonscreened  channel  bypassing  all  the  flow  through  the  spillbay  with 
internal  components  installed  during  the  next  in-water  work  window. 

Construction  Duration 

Fabrication  of  the  SBC  channel,  SES,  BGS,  and  FLE  components  should  take  3  to  5  months.  Installation 
of  the  SES,  BGS,  and  FLE  should  take  about  3  months.  Installation  of  the  channel  to  a  fully  operational 
condition  should  take  3  to  5  months. 

8.1 .7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  3  SBC  bypass  at  Lower  Granite 
is  $65,698,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following 
two  pages. 
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Annual  O&M  costs  are  estimated  as  follows: 


Maintenance 

Mechanical/electrical  components 

$125,000 

Structural  components 

$145,300 

Operations 

Labor  requirements 

$80,000 

Total  annual  O&M 

$350,300 

These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  diversion  system*  juvenile  fish 
facilities*  or  transportation  costs*  as  these  are  considered  existing  documented  costs.  Biological  study 
costs  are  also  not  included. 

8.2  Little  Goose:  Full  Powerhouse  Bypass  SBC  (with  Existing  ESBS) 

-  SBC  Type  2 

For  System  Combination  3,  a  Type  2  Bypass  SBC  would  be  constructed  at  Little  Goose.  The  Type  2 
SBC  is  fully  described  in  Section  7. 1,  and  application  of  the  Type  2  Bypass  SBC  at  Little  Goose  in 
particular  is  described  in  Section  7.2  and  is  not  repeated  here.  The  goal  of  incorporating  this  design  into 
System  Combination  3  is  to  safely  pass  the  fish  through  Little  Goose  Dam  which  were  not  collected  at 
Lower  Granite.  These  fish  would  then  approach  Lower  Monumental,  along  with  fish  from  the  Lyons 
Ferry  Hatchery,  where  a  Type  3  Bypass/Collection  SBC  would  be  installed. 

8.3  Lower  Monumental:  2-Unit  Bypass/Collection  SBC  (with  New 
ESBS)  -  SBC  Type  3 

The  design  of  the  Type  3  SBC  channel  at  Lower  Monumental  is  similar  to  that  described  for  Lower 
Granite  in  Section  8.1,  with  some  exceptions.  Plans  and  details  of  the  SBC  Type  3  design,  as  installed  at 
Lower  Monumental,  are  shown  on  Plates  3.2.1  through  3.2.6,  in  Section  8.6.  One  notable  exception  is 
that  the  project  layout  is  reversed  at  Lower  Monumental,  with  the  powerhouse  located  to  the  north  of  the 
spillway.  Therefore,  the  reader  should  note  that  references  to  north  and  south  in  the  discussions  for 
Lower  Granite  are  reversed  in  their  application  to  Lower  Monumental.  Additionally,  this  reversed 
orientation  results  in  the  SBC  flow  being  discharged  at  Spillbay  8  instead  of  Spillbay  1,  as  described  for 
Lower  Granite. 

As  previously  discussed,  other  differences  at  Lower  Monumental  include  the  0.91 -meter  (3.0-foot) 
normal  operating  range  fluctuation  of  the  forebay  and  the  need  to  replace  the  existing  STS  intake 
diversion  system  with  a  new  ESBS  diversion  system.  Details  concerning  the  effects  of  these  differences 
are  discussed  in  the  following  sections. 

8.3.1  Hydraulics 

The  Type  3  SBC  installation  at  Lower  Monumental  is  nearly  identical  to  the  Type  3  SBC  installation  at 
Lower  Granite.  As  at  Lower  Granite  the  elevated  ogee  crest  was  placed  at  an  elevation  to  provide  a  flow  of 
56.6  m3/s  (2,000  cfs)  through  the  dewatering  conduit  at  MOP  during  screening  mode.  At  Lower 
Monumental  the  resulting  ogee  crest  elevation  is  156.8  meters  (514.3  feet).  When  in  screening  mode,  gate 
control  would  be  used  to  maintain  constant  discharges  through  the  dewatering  conduit,  independent  of 
forebay  elevation.  When  in  bypass  mode,  discharges  through  the  full-flow  bypass  conduit  would  vaiy  with 
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forebay  stage,  ranging  from  67.7  m3/s  (2,393  cfs)  at  MOP  to  81.1  m3/s  (2,863  cfs)  at  maximum  operating 
pool.  In  this  mode,  the  gate  would  be  lifted  completely  out  of  the  flow  providing  no  control  of  the  flow. 

Influences  on  spill  capacity  at  Lower  Monumental  are  basically  identical  to  those  at  Lower  Granite.  A 
spillway  rating  curve  with  the  SBC  installed  is  shown  in  Figure  8.2. 

Likewise  issues  and  features  associated  with  the  BGS  design  are  similar.  As  a  result  of  the  forebay 
shoreline  features  at  Lower  Monumental,  the  BGS  is  556  meters  (1,824  feet)  long,  or  over  13  percent 
longer  than  the  BGS  described  for  Lower  Granite.  The  final  38  meters  (124  feet)  consists  of  a  surface  to 
bottom  flexible  curtain  section.  The  longer  BGS  proposed  for  Lower  Monumental  yields  a  larger 
underflow  area.  At  MOP,  the  presented  BGS  has  an  approximate  underflow  area  of  4,550  m2  (49,000  ft2) 
which  yields  an  underflow  velocity  of  0.54  m/s  (1 .77  ft/s).  On  the  other  hand,  the  lack  of  a  flood 
drawdown  scenario  at  Lower  Monumental  will  allow  the  final  design  of  the  BGS  panels  to  come  closer  to 
the  bottom  of  the  forebay  should  this  prove  advantageous. 

The  hydraulic  features  of  the  FLE  are  as  described  in  Section  8.1.1,  including  supplemental  pumping.  A 
final  design  analysis  may  reveal  the  need  for  slightly  greater  pumping  capabilities  because  the  FLE  at 
Lower  Monumental  would  be  about  46  meters  (150  feet)  longer. 

8.3.2  Structural  Design 

Structural  design  issues  and  criteria  for  the  Type  3  SBC  at  Lower  Monumental  are  the  same  as  presented 
for  Lower  Granite  in  Section  8.1.2,  and  Section  5.1.2  as  applicable  to  the  Type  3  design.  Although 
potential  wind-driven  wave  loading  is  slightly  greater  than  for  Lower  Granite,  it  is  significantly  less  than 
at  Little  Goose  and  should  not  present  a  problem.  Structural  issues  associated  with  the  new  ESBS  intake 
diversion  system  are  as  described  in  Section  5.3.2. 

8.3.3  Mechanical  Requirements 

Mechanical  requirements  for  the  Type  3  SBC  at  Lower  Monumental  are  similar  to  those  at  Lower  Granite 
except  that  the  debris  skimmer  is  not  required,  which  reduces  the  system  complexity  somewhat. 
Mechanical  requirements  for  the  new  ESBS  systems  are  as  described  in  Section  5.3.3. 

8.3.4  Electrical  Requirements 

Except  for  the  lack  of  a  debris  skimmer  in  the  juvenile  gallery,  the  electrical  loads  for  the  Type  3  SBC  at 
Lower  Monumental  are  the  same  as  for  those  for  the  Type  3  SBC  at  Lower  Granite  (see  Section  8.1.4) 
and  total  approximately  350  amperes  at  480  volts  ac.  Calculations  for  estimated  electrical  load  are 
provided  in  Attachment  A.  Power  source  and  routing  issues  are  the  same  as  for  the  Type  1  SBC  at  Lower 
Monumental  for  a  load  of  this  magnitude  (see  Section  5.3.4).  A  one-line  diagram  illustrating  the 
electrical  loads,  power  sources,  and  components  are  provided  on  Plate  3.2.6. 

8.3.5  Operation  and  Maintenance  Issues 

O&M  issues  are  similar  to  those  for  the  Type  3  at  Lower  Granite  and  are  described  in  Section  8. 1 .5, 
except  that  there  is  no  debris  skimmer  to  maintain.  O&M  issues  and  costs  associated  with  the  new  ESBS 
system  are  assumed  to  be  similar  to  the  existing  STS  system  and  do  not  represent  a  significant  change  in 
requirements. 
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Figure  8.2  -  Lower  Monumental  Lock  and  Dam  -  Spill  Capacity  with  SBC  Type  3 
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Construction  Issues 

Construction  issues  are  similar  to  those  for  the  Type  3  at  Lower  Granite  and  are  described  in  Section 
8. 1 .6.  Access  is  slightly  improved  due  to  fewer  lockage  events  to  reach  Lower  Monumental. 

8.3.6  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  3  SBC  bypass  at  Lower 
Monumental,  including  a  new  ESBS  intake  diversion  system,  is  $60,083,000  in  1998  dollars.  The 
estimated  cost  for  replacing  the  existing  STS  intake  diversion  system  with  a  new  ESBS  system  is  an 
additional  $16,058,000.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  three 
pages.  Annual  O&M  costs  are  estimated  as  follows: 


Maintenance 

Mechanical/electrical  components  $108,900 

Structural  components  $148,200 

Operations 

Labor  requirements  $80.000 

Total  annual  O&M  $337,100 


These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  diversion  system,  juvenile  fish 
facilities,  or  transportation  costs,  as  these  are  considered  existing  documented  costs.  Biological  study 
costs  are  also  not  included. 

8.4  Ice  Harbor:  Spillway  SBC  (with  New  ESBS)  -  SBC  Type  4 

The  goal  of  the  Type  4  SBC  design  is  to  provide  an  SBC  facility  at  the  spillway  to  divert  fish  away  from 
the  powerhouse  and  toward  the  spillway.  One  (or  possibly  more)  spillbays  would  be  modified  to  (each) 
provide  an  overflow  spill  of  approximately  170  m3/s  (6,000  cfs)  at  the  surface  of  the  forebay  to  attract  and 
safely  pass  the  fish  directly  to  the  tailrace.  An  RSW  is  proposed  to  serve  this  function  at  Ice  Harbor,  as 
depicted  on  Plates  3.3.1  through  3.3.4  in  Section  8.6. 

The  RSW  is  a  removable  steel  ogee-shaped  structure  which  is  inserted  into  the  existing  spillbay  creating  a 
raised  overflow  weir  above  and  upstream  of  the  existing  concrete  ogee  crest.  No  modifications,  except 
addition  of  support  brackets,  would  be  required  to  the  existing  spillway  to  accommodate  the  RSW.  The 
elevation  of  the  new  crest  is  designed  to  pass  approximately  170  m3/s  (6,000  cfs)  in  an  uncontrolled  open- 
channel  flow  condition  at  the  average  operating  pool  elevation  of  133.7  meters  (438.5  feet).  The  flow 
would  be  either  on  or  off,  dictated  by  whether  the  Tainter  gate  is  in  a  fully  open  or  fully  closed  position, 
as  shown  on  Plate  3.3.2.  Since  the  flow  is  essentially  uncontrolled,  the  flow  rate  would  vary  depending 
on  the  forebay  water  surface  elevation.  Discharge  would  be  greater  when  the  forebay  is  at  maximum 
operating  pool  and  smaller  when  at  the  MOP.  The  details  of  the  hydraulic  characteristics  of  the  structure 
are  discussed  in  Section  8.4.1. 

A  BGS  is  included  in  the  forebay  to  guide  fish  away  from  the  powerhouse  and  toward  the  spillway  where 
they  can  experience  the  hydraulic  effects  of  the  modified  spillway  flow.  The  basic  design  and  function  of 
the  BGS  is  the  same  as  was  described  for  the  Type  3  design  in  Section  8.1.  However,  for  the  Type  4 
design  the  downstream  end  of  the  BGS  would  be  located  between  the  powerhouse  and  the  spillway. 
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Because  the  entire  powerhouse  flow  for  all  six  turbines  must  pass  below  the  BGS  in  this  case,  it  needs  to 
be  considerably  longer  than  the  Type  3  BGS  design.  Therefore,  the  Type  4  BGS  extends  729  meters 
(2,391  feet)  upstream,  as  shown  on  Plate  3,3.3.  The  alignment  of  the  BGS  corresponds  closely  to  that  of 
a  fish  guidance  curtain  that  was  model  studied  at  WES.  As  with  the  Type  3  design,  the  turbine  intakes 
located  behind  the  BGS  will  be  outfitted  with  ESBS  intake  diversion  systems  which  would  divert  fish  into 
the  existing  juvenile  gallery  and  eventually  to  the  juvenile  facilities  downstream.  In  the  case  of  Ice 
Harbor,  the  intakes  are  currently  outfitted  with  an  STS  diversion  screen  system  which  would  be  removed 
and  replaced  with  a  new  ESBS  system. 

The  RSW  is  designed  to  be  floated  into  place  and  submerged  into  position  on  the  concrete  spillway.  The 
hollow  steel  structure  would  be  filled  with  air  for  floating  and  towed  to  the  spillway  with  an  assist  vessel. 
When  the  RSW  is  in  the  vicinity  of  the  spillbay,  portions  of  the  volume  would  be  selectively  filled  with 
water  to  rotate  the  structure  into  a  vertical  position.  Once  it  is  vertical,  it  can  be  pushed  (or  pulled  with 
winches  on  the  deck)  into  its  final  position  above  the  existing  spillway  and  further  submerged  until  it  rests 
on  support  brackets  permanently  mounted  to  the  upstream  face  of  the  spillway.  This  installation  process 
is  similar  to  that  used  to  install  a  large  maintenance  bulkhead  at  Wanapum  and  Priest  Rapids  Dams  on  the 
mid-Columbia  River  and  is  generally  accomplished  in  less  than  a  single  work  day.  The  ability  to  quickly 
and  inexpensively  install,  and  more  importantly  remove,  the  RSW  is  one  of  the  major  advantages  of  this 
design  over  other  alternatives  considered, 

A  number  of  alternatives  for  providing  an  overflow  spill  condition  at  the  spillways  were  investigated  prior 
to  selecting  the  recommended  RSW  design.  These  included: 

•  an  elevated  concrete  ogee  crest  with  a  new  internal  pier  in  Spillbay  1 ,  similar  to  the  design 
utilized  in  the  Type  2  and  Type  3  designs 

•  a  new  Tainter  gate  with  an  integrally  constructed  overflow  gate  which  would  allow  flow  through 
the  gate  onto  an  independently  supported  steel  chute  (This  design  was  furthered  in  the  earlier 
SBC  Conceptual  Design  Report  for  application  at  Lower  Granite  but  not  selected  for  continued 
development  in  this  report  due  to  concerns  about  the  plunge  effects  in  the  tailrace.) 

•  a  new  Tainter  gate  with  an  integrally  constructed  overflow  gate  which  would  allow  flow  through 
the  gate  onto  a  raised  concrete  ogee-shaped  chute  supported  on  a  single  central  pier  to  be 
mounted  on  the  existing  spillway 

•  overflow/underflow  baffles  (or  bulkheads)  installed  into  the  existing  stop  log  slots  located  in  the 
spillway  piers  (This  approach  is  being  studied  by  the  Portland  District  of  the  Corps  for  testing  at 
John  Day  Lock  and  Dam.) 

The  RSW  design  has  a  number  of  distinct  advantages  over  the  other  alternatives  considered.  First,  and 
probably  foremost,  is  the  ability  to  completely  remove  the  structure  from  the  spillway  in  a  reasonably 
short  period  of  time.  By  doing  this  the  entire  spillway  flood  design  capacity  can  be  restored.  Because 
time  is  available  for  preparation  prior  to  a  major  flood  event  (generally  several  days  to  a  week),  removing 
the  RSW  adequately  in  advance  of  a  flood  event  should  not  present  a  problem.  This  feature  could  allow 
for  installation  of  the  RSW  design  at  multiple  spillbays,  although  it  is  only  shown  at  one  spillbay  on  Plate 
3.3.1  to  represent  the  concept.  It  should  be  noted  that  the  historic  flood  of  record  is  only  about  half  the 
spillway  flood  design  capacity;  therefore,  removal  should  be  an  extremely  rare  requirement  if  only  one  or 
a  small  number  of  spillbays  are  outfitted  with  an  RSW.  A  rating  curve  was  developed  for  the  spillway 
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with  the  RSW  installed  in  one  bay.  This  rating  curve  (Figure  8.3)  shows  an  approximate  8  percent 
reduction  in  spill  capacity  at  the  maximum  design  flood  forebay  elevation  of  136.1  meters  (446.4  feet)  if 
the  RSW  were  not  removed. 

Although  the  overflow/underflow  baffles  also  offer  the  advantage  of  relatively  rapid  removal,  they  have  a 
number  of  disadvantages  when  compared  to  the  RSW,  including:  1)  not  all  the  flow  is  passed  from  the 
surface,  2)  the  fish  which  enter  at  the  upper  opening  must  sound  rapidly  down  to  the  crest  of  the  existing 
spillway  to  pass  under  the  Tainter  gate,  and  3)  the  concept  does  not  yet  have  a  proven  record  of  success. 
Either  of  the  two  alternatives  that  entail  adding  concrete  to  the  existing  spillway  would  result  in  some 
permanent  reduction  in  total  spillway  flood  capacity,  although  the  reduction  would  be  small  if  the 
modification  were  limited  to  a  single  spillbay.  Although  the  alternative  that  includes  a  self-supporting 
steel  chute  could  result  in  a  design  allowing  for  full  spillway  capacity,  this  would  require  very  large 
capital  expense  and  the  use  of  unprecedented  designs  with  numerous  moving  parts  with  limited  access 
and  large  hoisting  systems  prone  to  potential  problems.  It  would  also  result  in  a  free  plunge  into  the 
tailrace  immediately  downstream  of  the  spillway  deflector.  Additional  advantages  of  the  RSW  design  are 
relatively  low  cost  of  the  structure,  spreading  the  attraction  flow  effects  across  an  entire  spillbay  width, 
ability  to  move  the  structure  to  different  spillbays  to  test  for  the  optimum  location  (assuming  mounting 
brackets  are  installed  at  each  of  the  spillbays),  a  smooth  hydraulic  transition  onto  the  existing  spillway 
resulting  in  no  free  plunge  into  the  tailrace,  and  proper  functioning  of  existing  spillway  flow  deflectors. 

8.4.1  Hydraulics 

Removable  Spillway  Weir  Concept 

Hydraulic  design  objectives  for  the  RSW  utilized  in  the  Type  4  SBC  spillway  design  included: 

•  releasing  170  m3/s  (6,000  cfs)  through  a  single  spill  bay 

•  generating  a  uniform  spill  distribution  across  the  full  15.2  meters  (50.0  feet)  spillbay  width 

•  creating  a  gradual,  tangential,  flow  transition  to  the  existing  spillway  ogee 

•  fully  installing  the  RSW  upstream  of  the  closed  Tainter  gate 

•  not  interfering  with  structural  members  of  the  Tainter  gates  either  in  the  closed  or  open  position 

•  minimizing  or  eliminating  impact  on  spillway  design  flood  capacity. 

Although  the  RSW  depicted  on  Plate  3.3.2  was  developed  to  release  170  m3/s  (6,000  cfs)  through  a  single 
spillbay,  the  RSW  concept  offers  flexibility  to  satisfy  site-specific  objectives  and  criteria.  If  for  example, 
operating  criteria  would  restrict  discharge  magnitudes  for  a  particular  spillbay,  an  RSW  ogee  and  crest 
elevation  could  be  developed  to  satisfy  that  criterion.  It  is  conceivable  that  RSWs  could  be  installed  on 
multiple  spillbays  and  configured  to  generate  a  desired  spill  pattern.  A  limitation  would  be  space 
available  upstream  of  the  Tainter  gates  and  the  ability  to  transition  to  the  existing  spillway  in  the  available 
space.  This  limitation  would  present  a  particular  problem  when  attempting  to  design  for  a  higher  unit 
discharge. 
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Note  that  the  concept  presented  includes  a  3.66-meter  (12.0-foot)  transition  radius  to  the  existing  ogee. 
This  compares  to  the  15.2-meter  (50.0-foot)  reverse  curve  radius  that  was  used  in  the  John  Day  juvenile 
facilities  and  the  4.57-meter  (15-foot)  reverse  radius  included  in  the  Ice  Harbor  deflectors.  Criteria  is  not 
available  which  establishes  appropriate  radius  size,  although  indications  are  that  longer  radii  may  reduce 
injury  to  passing  fish.  It  may  be  possible  to  lengthen  the  3.66-meter  (12.0-foot)-radius  somewhat  by 
moving  the  RSW  crest  further  upstream,  but  there  is  not  much  length  to  be  gained  before  the  design 
becomes  impractical.  At  this  site,  the  generated  1 1.2-m3/s/m  (120-cfs/ft)  unit  discharge  is  pushing  the 
maximum  that  can  be  passed  in  the  limited  space  available  upstream  of  the  Tainter  gate.  It  is  suggested 
that  modeling  be  performed  to  evaluate  the  hydraulic  conditions  which  would  occur  at  the  reverse  curve 
with  the  goal  of  optimizing  the  design  to  provide  safe  passage  conditions. 

Hydraulic  Performance  and  Flow  Variability 

Discharge  over  the  RSW  will  vary  with  forebay  elevation.  Based  on  an  average  discharge  coefficient  of 
3.95  and  an  ogee  crest  elevation  of  130.6  meters  (428.5  feet),  the  following  performance  can  be  expected: 


Spillbay  discharge,  m3/s  (kefs) 
RSW  crest  submergence,  m  (ft) 
Critical  velocity  at  crest,  m/s  (ft/s) 


Forebay  Elevation  in  Meters  (feet) 


133.7 1438.51 
177  (6.25) 

3.1  (10.0) 
4.85(15.9) 


134.1  f 440.01 

217(7.65) 

3.5(11.5) 

5.19(17.0) 


133.2  1437.01 
139  (4.90) 
2.6  (8.5) 
4.47(14.7) 


Note  that  performance  of  the  RSW  varies  substantially  with  forebay  stage.  The  discharge  over  the  RSW 
varies  from  139  m3/s  (4,900  cfs)  to  210  m3/s  (7,650  cfs)  as  the  head  on  the  crest  varies  from  2.6  meters 
(8.5  feet)  to  3.5  meters  (1 1.5  feet).  Corresponding  critical  velocities  over  the  crest  range  from  4.47  m/s 
(14.7  ft/s)  to  5.19  m/s  (17.0  ft/s). 

As  the  flow  passes  down  the  RSW  and  onto  the  existing  spillbay  ogee  it  will  accelerate.  Velocities  at  the 
toe  of  the  reverse  curve  (point  of  tangency  with  the  existing  ogee)  are  dictated  by  the  total  drop  and  will 
be  approximately  16.5  m/s  (54  ft/s)  for  all  operations.  Corresponding  depths  are  discharge  dependent  and 
will  range  from  about  0.86  meter  (2.83  feet)  to  0.55  meter  (1.81  feet)  at  maximum  and  minimum 
operating  pool  levels,  respectively. 

The  surface  weir  arrangement  may  be  beneficial  with  respect  to  fish  attraction  in  that  flow  accelerations 
in  the  forebay  upstream  of  the  weir  are  less  pronounced  than  those  which  would  be  generated  through  a 
deeper  free-overflow  vertical  slot.  For  example,  a  free-overflow  slot  operating  with  a  6.1 -meter  (20.0- 
foot)  head  on  the  slot  crest  would  generate  a  critical  velocity  of  6.77  m/s  (22.2  ft/s).  This  corresponds  to 
the  critical  velocity  of  4.85  m/s  (15.9  ft/s)  that  the  RSW  generates  when  operating  with  a  mean  head  on 
the  crest  of  3.05  meters  (10.0  feet).  Because  flow  accelerates  toward  an  overflow  weir  over  a  relatively 
short  distance,  the  local  accelerations  in  the  vicinity  of  the  deeper  weir  could  be  more  likely  to  cause  a 
startle  response  from  the  fish  resulting  in  rejection  of  the  weir  flow. 

Behavioral  Guidance  Structure 

Hydraulic  features  of  the  BGS  are  similar  to  those  discussed  in  the  presentation  of  the  Type  3  concept, 
with  the  BGS  extending  to  the  shore.  However,  because  the  BGS  for  the  Type  4  design  is  located 
upstream  of  all  six  powerhouse  units,  it  requires  sufficient  underflow  area  to  accommodate  the  2,973  m3/s 
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(105,000  cfs)  discharge  capacity  of  the  powerhouse  while  maintaining  underflow  velocities  below  0.61 
m/s  (2.0  ft/s).  At  MOP,  the  BGS  presented  supplies  an  underflow  area  of  approximately  5,574  m2 
(60,000  ft2)  which  yields  a  underflow  velocity  of  0.53  m/s  (1.75  ft/s). 

Issues  and  features  associated  with  the  FLE  are  similar  to  those  discussed  with  the  Type  3  SBC  concepts. 
However,  the  location  and  orientation  of  the  longer  BGS  requires  that  the  FLE  at  Ice  Harbor  be 
significantly  longer  than  for  the  Type  3  SBC  designs.  Because  the  original  design  of  an  FLE  was  for 
installation  at  Ice  Harbor,  the  pump  sizing  previously  discussed  should  be  most  applicable  to  this  design. 

8.4.2  Structural  Design 

Spillway  and  Non-Overflow  Dam  Stability 

The  installed  configuration  of  the  RSW  at  the  spillways  produces  loading  conditions  at  the  spillway  and 
non-overflow  dam  structures  that  differ  from  those  encountered  in  the  original  design  of  the  project. 
Specifically,  when  the  RSW  is  in  an  operating  configuration  with  the  Tainter  gate  open,  a  portion  of  the 
water  which  would  normally  be  over  the  spillway  when  the  Tainter  gate  is  closed  is  no  longer  there.  As 
can  be  seen  on  Plate  3.3,2,  a  significant  portion  of  the  area  upstream  of  the  Tainter  gate  is  dewatered  and 
would  be  dewatered  on  a  long-term  basis  representing  a  new  normal  operating  condition  for  the  spillway. 
A  review  of  the  stability  issues  for  the  spillway  monolith  under  this  configuration  suggests  that  the 
combination  of  reduced  water  weight  on  the  structure,  plus  the  added  weight  of  the  RSW,  results  in  a 
slight  reduction  in  the  normal  operating  condition  stability.  A  static  evaluation  of  the  spillway  monolith 
stability  with  earthquake  loading  also  resulted  in  a  slight  reduction.  Although  these  reductions  were  quite 
small  in  magnitude,  they  were  based  on  conceptual  layout  and  estimated  weight  for  the  RSW.  Given  that 
stability  of  the  structures  is  a  critical  item,  a  more  exact  analysis  of  the  spillway  and  central  non-overflow 
monoliths  should  be  performed  during  any  final  design  of  an  RSW  type  bypass  system  making  use  of 
final  design  weights  and  locations  of  the  components.  In  could  be  possible  to  add  dead  weight  to  the 
structure  at  strategic  locations  to  compensate  for  any  undesirable  reductions  in  overall  stability. 
Calculations  addressing  this  issue  are  included  in  Attachment  A. 

Removable  Weir  Structure 

The  weir  structure  proposed  for  Type  4  SBC  is  shown  as  a  hollow  steel  structure  which,  under  normal 
operating  conditions  (when  the  Tainter  gate  is  fully  open),  is  pressed  against  the  upstream  faces  of  the 
piers  by  hydrostatic  pressure  and  spans  horizontally  between  these  piers.  When  the  pressure  is  relieved 
(caused  by  fully  closing  the  Tainter  gate)  the  weir  would  rest  on  support  brackets  located  below  the  weir 
on  the  sloped  upstream  portion  of  the  spillway  and  be  held  back  by  support  arms  located  at  the  top  of  the 
piers.  The  advantages  of  the  hollow  design  is  to  allow  for  the  structure  to  be  filled  with  air  so  that  it  can 
be  floated  away  from  the  spillway  area  and  stored  remotely  if  the  full  design  capacity  of  the  spillway  is 
required, 

A  conceptual-level  design  of  the  structure  has  been  performed  and  appears  in  Attachment  A.  The  design 
approach  is  to  treat  the  structure  as  a  box  structure  with  internal  deep  plate  members  providing  the  shear 
and  moment  resistance,  and  creating  discrete  internal  compartments.  Normal  installation  of  the  weir 
would  involve  floating  it  into  place  and  flooding  the  internal  portions  of  the  weir  to  improve  the  structural 
performance  of  the  weir  (minimize  vibrations  during  use)  and  to  provide  additional  mass  to  the  spillway 
monolith  to  improve  the  stability  characteristic  of  the  structure  due  to  the  internal  weight  of  the  water. 
The  compartments  form  convenient  discrete  void  areas  into  which  air  can  be  introduced  to  optimize  the 
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deployment  and  retrieval  of  the  weir.  Preliminary  estimates  suggest  an  overall  structure  dry  weight  of 
approximately  450  tonnes  (500  tons)  with  a  buoyancy  of  approximately  1,043  tonnes  (1,150  tons)  if  all 
voided  areas  are  filled  with  air. 

Other  structural  design  approaches  seem  feasible.  These  include  a  system  of  internal  stiffeners  supporting 
the  exterior  steel  shell,  supported  by  internal  bracing  members.  The  lack  of  compartmentalization  of  this 
approach  is  a  drawback  of  this  design  but  might  reduce  overall  structure  weight  and  thus,  cost. 
Compartments  created  by  other  voided  items  (e.g.,  large  buoyancy  tanks)  could  be  incorporated  into  the 
internal  areas  of  the  weir.  These  are  seen  as  final  design  issues.  Cost  estimates  for  the  structure  were 
based  on  the  internal  plate  design  described  earlier. 

The  weir  fairings  and  deployment  lugs  extending  above  the  water  surface  on  either  side  of  the  weir 
(depicted  on  Plate  3.3.2)  are  assumed  to  be  stiffened  plate  structures  and  would  serve  to  allow  the  weir  to 
be  deployed  and  retrieved  as  well  as  providing  a  support  point  for  the  arms  at  the  top  of  the  piers. 

The  sealing  surfaces  of  the  structure  would  be  along  the  bottom  of  the  weir  against  the  sloped  spillway 
and  along  the  vertical  upstream  faces  of  the  piers. 

8.4.3  Mechanical  Requirements 

There  are  three  main  features  of  this  installation  which  involve  mechanical  systems:  FLE,  RSW,  and  the 
ESBS  intake  diversion  system.  Issues  related  to  the  FLE  and  the  ESBS  systems  have  been  addressed 
earlier  for  other  projects.  The  FLE,  which  was  originally  developed  for  Ice  Harbor,  already  has  a 
completed  mechanical  design  which  is  assumed  to  be  satisfactory  for  this  installation  and  involves  water 
pumps  and  piping,  hydraulic  systems,  and  water  control  gates. 

The  mechanical  requirements  for  the  RSW,  as  conceived  for  Ice  Harbor,  involves  the  design  of  an  air 
buoyancy/water  ballast  system  which  would  involve  air  and  water  piping,  valving,  air  compressors,  and 
monitoring  equipment.  Similarly  sized  large  floating  devices  deployed  at  spillways  have  been 
constructed  with  variable  buoyancy  designs  (e.g.,  the  floating  spillway  bulkheads  at  Wanapum  and  Priest 
Rapids  Dams)  and  the  design  of  this  type  of  system  is  seen  as  being  relatively  straight  forward.  Final 
design  issues  associated  with  proper  ballasting  could  be  handled  by  a  naval  architect. 

8.4.4  Electrical  Requirements 

There  are  no  dam-based  electrical  load  requirements  for  the  Type  4  SBC  except  for  the  water  pump  and 
hydraulic  pump  loads  for  the  FLE  which  total  approximately  160  amperes  at  480-volt  alternating  current. 
Calculations  for  estimated  electrical  loads  are  provided  in  Attachment  A.  There  will  likely  be  temporary 
support  boat-based  power  requirements  for  a  compressed  air  system  to  facilitate  manipulation  of  the 
buoyancy  system  for  the  RSW.  This  would  likely  be  provided  by  the  existing  or  an  auxiliary  electrical 
power  system  on  the  assist  vessel. 

To  provide  power  for  the  FLE  electrical  systems  at  Ice  Harbor,  the  most  convenient  source  would  be 
MCC  FCQ3  [24].  FCQ3  is  located  at  about  elevation  135.0  meters  (443  feet)  in  a  gallery  in  the  south 
non-overflow  section  of  the  dam  about  91.4  meters  (300  feet)  south  of  the  joint  with  the  service  bay.  A 
new  cubicle  would  have  to  be  added  to  this  existing  480-volt  equipment.  To  accommodate  this  additional 
load,  the  feeder  from  FSQ1  to  FCQ3  would  have  to  be  increased  in  size,  requiring  about  213.4  meters 
(700  feet)  of  new  feeder.  From  FCQ3,  the  concrete  deck  would  have  to  be  penetrated  to  reach  the  FLE 
facilities  near  the  fish  ladder  exit.  A  one-line  diagram  illustrating  the  electrical  loads,  power  sources,  and 
components  are  provided  on  Plate  3.3.4. 
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8.4.5  Operation  and  Maintenance  Issues 

Corrosion  Protection 

Maintenance  access  to  the  RSW  would  be  very  limited  when  it  is  installed  on  the  spillway.  Although  it 
could  be  removed  and  towed  to  the  shore  for  periodic  inspections  and  maintenance,  including  recoating,  it 
is  recommended  that  a  thermal  spray  metal  coating  system  be  used  to  protect  this  component.  In  addition 
to  the  reduced  maintenance  requirements  this  would  offer,  the  use  of  thermal  spray  metal  coating  systems 
have  distinct  advantages  in  the  highly  abrasive  environment  associated  with  spillway  flow.  A 
conventional  paint  system  applied  to  the  RSW  would  likely  deteriorate  in  a  relatively  short  period  of  time. 
Thermal  spiay  systems  on  the  other  hand  have  been  used  successfully  in  these  conditions  for  relatively 
long  periods  of  time.  However,  because  access  to  all  system  components  is  possible  for  repair  of  coating 
systems,  a  cost  analysis  of  both  conventional  paint  and  thermal  systems  would  be  warranted  to  compare 
life  cycle  costs.  Corrosion  protection  strategies  for  the  BGS  component  are  similar  to  suggested  for  the 
BGS  in  the  Type  3  design. 

Emergency  RSW  Removal 

The  operation  of  the  RSW  includes  the  assumption  that  it  would  be  removed  prior  to  design  flood  events 
so  that  the  hydraulic  capacity  of  the  project  could  be  maximized.  This  is  not  anticipated  to  be  a  very 
frequent  occurrence  since  the  flood  of  record  on  the  lower  Snake  River  is  1 1,600  m3/s  (409  kefs),  which 
occurred  in  1894  before  the  construction  of  any  flood  control  dams  on  the  river,  and  this  is  about  half  the 
hydraulic  capacity  of  the  spillways.  Nonetheless,  there  is  some  concern  that  if  a  major  flow  event 
occurred,  the  ability  to  remove  the  RSW  at  higher  flows  may  be  hampered  by  access  restrictions  in  the 
spillway  area  for  safety  reasons.  These  higher  flows,  while  not  yet  major  flood  events,  might  preclude  the 
removal  of  the  RSW  if  indications  were  that  a  design  flood  event  might  occur.  Thus,  the  actual  removal 
of  the  RSW  might  be  more  frequent  than  anticipated  if  no  other  operational  plan  is  implemented  to  assist 
in  the  removal  under  high  flows.  One  possible  resolution  of  this  issue  would  be  to  implement  an 
operational  plan  that  would  require  Lower  Granite  pool  to  be  drafted  to  its  minimum  flood  control  pool 
elevation  and  then  allowed  to  partially  fill  while  temporarily  allowing  downstream  discharge  to  be 
reduced,  thus  enabling  the  RSW  to  be  removed. 

Another  possible  resolution  would  be  to  incorporate  explosive  bolts  at  critical  connections  on  the  RSW  to 
allow  it  to  be  flushed  downstream.  Still  another  possibility  is  to  accept  the  reduction  in  spillway  capacity 
(approximately  8.3  percent)  with  the  RSW  in  place  at  surcharged  flood  pool, 

8.4.6  Construction  Issues 

All  of  the  major  features  for  Type  4  SBC  design  are  assumed  to  be  fabricated  offsite  and  shipped  fully 
assembled  to  the  site  if  barging  is  employed.  These  include  the  ESBS  system,  the  RSW,  the  FLE,  and  the 
BGS.  Construction  issues  related  to  installation  of  the  ESBS  system,  the  FLE,  and  the  BGS  have  been 
addressed  in  earlier  discussions. 

Installation  of  the  RSW  will  require  a  one-time  underwater  installation  of  large  bracket  assemblies  along 
the  upstream  slope  of  the  spillway  ogee.  These  brackets  would  support  the  RSW  when  no  hydrostatic 
pressure  is  applied  and  it  is  fully  ballasted.  This  would  be  a  diver  installation.  Above-water  retainer 
brackets  would  be  installed  at  the  top  of  the  piers  to  prevent  the  RSW  from  rotating  into  the  forebay  under 
these  conditions.  The  actual  installation  of  the  RSW  would  involve  floating  the  structure  into  place  with 
the  aid  of  an  assist  vessel.  By  flooding  select  internal  cells  the  RSW  would  be  rotated  into  its  vertical 
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orientation  over  the  spillbay.  Finally,  the  remainder  of  the  internal  cells  would  be  flooded  and  the  RSW 
would  sink  onto  the  submerged  bracket  assemblies.  The  top  brackets  would  be  attached  to  secure  the 
structure  in  place.  If  air  piping  were  provided  up  the  side  fairings  to  above  water  locations,  providing 
access  to  the  internal  cells,  the  RSW  could  be  floated  off  its  support  brackets  by  the  assist  vessel  without 
the  need  for  any  underwater  work. 

Construction  Duration 

Fabrication  of  the  BGS  and  FLE  components  should  take  3  to  5  months.  Fabrication  of  the  RSW  would 
also  take  about  that  length  of  time.  Installation  of  the  RSW,  BGS,  and  FLE  should  take  about  3  months. 
Fabrication  and  installation  of  the  ESBS  system  should  take  7  to  8  months. 

8.4.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  4  Spillway  SBC  at  Ice  Harbor, 
including  a  new  ESBS  intake  diversion  system,  is  $40,779,000  in  1998  dollars.  The  estimated  cost  of 
replacing  the  existing  STS  intake  diversion  system  with  a  new  ESBS  system  is  an  additional  $16,058,000. 
A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  two  pages.  Annual  O&M  costs  are 
estimated  as  follows: 


Maintenance 

Mechanical/electrical  components  $  1 7, 1 00 

Structural  components  $  1 1 2,3  00 

Operations 

Labor  requirements  $10,000 

Total  annual  O&M  $139,400 


These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  diversion  system,  juvenile  fish 
facilities,  or  transportation  costs,  as  these  are  considered  existing  documented  costs.  Biological  study 
costs  are  also  not  included. 

8.5  Combination  Summary 

8.5.1  Combined  Construction  Issues 

Construction  of  the  combined  system  at  the  four  projects  involves  the  same  issues  and  offers  the  same 
construction  and  contracting  efficiency  possibilities  as  were  identified  in  Sections  5.5.1  and  7.5.1. 

8.5.2  Summary  Construction  and  O&M  Costs 

The  total  combined  estimated  engineering  design  and  construction  cost  for  the  System  Combination  3 
design  is  $243,472,000  in  1998  dollars.  Additional  costs  will  likely  be  incurred  if  prototyping  and/or 
major  hydraulic  modeling  efforts  of  system  components  are  deemed  to  be  required,  as  is  discussed  in 
Section  4.2.  Some  savings  in  cost  may  be  experienced  due  to  efficiency  of  repetitive  design  and 
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construction,  as  discussed  in  Section  8.5.1.  However,  this  potential  savings  has  not  been  estimated  as  part 
of  this  report.  A  summary  of  the  estimated  costs  by  project  is  shown  in  the  following  table. 


Estimated  Engineering  Design  and  Construction  Cost  -  System  Combination  3 

Estimated 


Project 

Description 

Construction  Cost 

Lower  Granite 

Type  3  SBC  (with  existing  ESBS) 

$65,698,000 

Little  Goose 

Type  2  SBC  (with  existing  ESBS) 

$43,796,000 

Lower  Monumental 

Type  3  SBC 

$60,083,000 

Lower  Monumental 

New  ESBS 

$16,058,000 

Ice  Harbor 

Type  4  SBC 

$40,779,000 

Ice  Harbor 

New  ESBS 

$16,058,000 

System  Combination  Subtotal 

$242,472,000 

Feasibility  Studies 

$1,000,000 

Total  Estimated  Construction  Cost 

$243,472,000 

The  total  annual  O&M  costs  for  System  Combination  3  are  estimated  to  be  $982,800  in  1998  dollars. 
These  O&M  costs  do  not  include  costs  associated  with  O&hf  of  the  ESBS  intake  diversion  systems, 
existing  juvenile  fish  facilities,  or  transportation  costs.  Biological  study  costs  are  also  not  included.  A 
summary  of  the  O&M  costs  by  project  is  shown  in  the  following  table: 

Estimated  Operation  and  Maintenance  Cost  -  System  Combination  3 

Pr°ject  Description  Estimated  O&M  Cost 


Lower  Granite 

Type  3  SBC  (with  existing  ESBS) 

$350,300 

Little  Goose 

Type  2  SBC  (with  existing  ESBS) 

$156,000 

Lower  Monumental 

Type  3  SBC  (with  new  ESBS) 

$337,100 

Ice  Harbor 

Type  4  SBC  (with  new  ESBS) 

$139,400 

Total  Estimated  Annual  O&M  Cost 

$982,800 

8.5.3  Implementation  Schedule 

An  implementation  schedule  is  included  below.  The  assumptions  and  rationale  used  for  development  of 
the  implementation  schedule  is  provided.  The  implementation  schedule  includes  time  for  hydraulic 
model  testing  as  appiopriate,  preliminary  design,  preparation  of  construction  contract  documents,  and 
construction.  The  implementation  schedule  assumes  no  funding  or  manpower  restraints.  Such  restraints 
would  likely  affect  the  schedule  included  herein. 

Lower  Granite  Dam 

The  BGS  creates  a  gap  between  the  upstream  end  of  the  BGS  and  the  shore.  This  gap  creates  an 
opportunity  for  juvenile  fish  to  become  trapped  between  the  shore  and  the  BGS.  The  gap  must  be 
configured  to  accommodate  upstream  movement  of  adult  fish  while  minimPing  trapped  juvenile  fish.  A 
variety  of  methods  to  addiess  the  gap  problem  would  be  tested^  the  most  successful  configuration  would 
be  used  for  the  design  of  the  permanent  BGS.  The  existing  prototype  BGS  would  likely  be  used  for  the 
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tests.  Development  of  a  construction  contract  to  provide  for  testing  the  BGS  gap  would  be  scheduled  for 
the  year  2000,  and  construction  and  testing  would  be  scheduled  for  the  year  2001.  Hydraulic  model 
testing  of  a  raised  spillbay  would  also  be  scheduled  for  year  2001;  the  testing  is  important  to  determine 
the  optimum  ogee  shape.  Hydraulic  model  testing  of  various  dewatering  methods  would  be  scheduled  for 
the  year  2000.  The  SBC  structure  at  Lower  Granite  spans  the  width  of  Generator  Units  5  and  6.  Because 
a  prototype  SBC  structure  would  be  about  the  same  size  as  a  permanent  SBC  structure,  it  is  assumed  that 
the  prototype  test  structure  would  be  used  for  the  final  structure  following  the  completion  of  testing. 
Preliminary  and  final  design  leading  to  development  of  construction  contract  documents  for  the  SBC  and 
BGS  would  be  scheduled  for  the  years  2001  and  2002  with  construction  scheduled  for  years  2003  and 
2004.  The  SBC  would  be  operational  in  2004. 

Little  Goose  Dam 

The  construction  work  at  Little  Goose  would  be  scheduled  to  occur  after  completion  of  work  at  Lower 
Granite.  The  effectiveness  of  the  SBC  at  Lower  Granite  would  be  tested  in  the  year  2005.  Results  of  the 
testing  would  be  used  for  development  of  the  final  full-flow  bypass  and  modified  spillbay  at  Little  Goose. 
Hydraulic  model  testing  of  a  modified  spillbay  for  Little  Goose  would  be  scheduled  for  the  year  2005. 
Preliminary  and  final  design  leading  to  the  development  of  construction  contract  documents  for  the  SBC 
and  modified  spillbay  would  be  scheduled  for  the  years  2005  and  2006.  Construction  would  be  scheduled 
for  the  years  2007  and  2008.  The  SBC  would  be  operational  in  the  year  2008. 

Lower  Monumental  Dam 

Like  Little  Goose,  the  final  design  and  construction  of  the  proposed  improvements  would  not  be 
completed  until  data  gathering  at  Lower  Granite  are  complete.  This  is  important  because  the 
improvements  proposed  for  Lower  Monumental  are  similar  to  those  for  Lower  Granite.  Lessons  learned 
from  the  SBC  at  Lower  Granite  may  then  be  incorporated  into  the  design  for  Lower  Monumental.  Model 
testing  of  the  raised  spillbay  would  be  scheduled  for  the  year  2005.  It  is  likely  that  the  results  from  the 
Lower  Granite  model  testing  would  be  sufficient  to  minimize  model-testing  efforts  for  Lower 
Monumental.  Preliminary  and  final  design  leading  to  preparation  of  construction  contract  documents  for 
the  SBC,  BGS,  and  modified  spillbay  would  be  scheduled  for  years  2005  and  2006.  Construction  would 
be  scheduled  for  years  2007  and  2008.  The  SBC  would  be  operational  in  the  year  2008. 

Ice  Harbor  Dam 

Because  the  spillway  crest  would  have  a  RSW,  hydraulic  model  testing  of  the  weir  would  be  required. 
Also,  a  model  of  the  forebay  with  the  BGS  structure  is  necessaiy  to  detennine  the  optimum  layout  of  the 
BGS  and  to  check  flows  in  the  vicinity  of  the  modified  spillbay.  Both  the  modeling  efforts  would  be 
scheduled  for  year  2000.  Because  there  is  no  BGS  planned  for  Ice  Harbor,  preparation  of  construction 
contract  documents,  as  well  as  construction,  can  occur  prior  to  evaluation  of  the  effectiveness  of  the 
Lower  Granite  BGS.  Preliminary  and  final  design  leading  to  preparation  of  construction  contract 
documents  would  be  scheduled  for  year  200 1 ,  and  construction  scheduled  in  year  2002.  The  BGS  to  the 
modified  spillbay  would  be  operational  in  year  2002. 

8.6  System  Combination  3  Drawings 

Drawings  depicting  the  SBC  designs  which  form  System  Combination  3  are  included  on  the  following 
pages.  These  drawings  include: 
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SBC  Type  3  - 

Plate  3.1.1- 
Plate  3.1.2  - 
Plate  3.1.3- 
Plate  3.1.4- 
Plate  3.1,5  - 
Plate  3.1,6- 


Lower  Granite 

SBC  Type  3  -  2-Unit  Bypass/Collection  SBC  (Existing  ESBS)  -  Site  Plan 
SBC  Type  3  -  Unit  5/6  Entrance  -  Plan 
SBC  Type  3  —  Sections  and  Elevation 
SBC  Type  3  -  Spillbay  1  -  Section 

SBC  Type  3  -  Behavioral  Guidance  Structure  -  Profile  and  Details 
SBC  Type  3  -  Electrical  One-Line  Diagram 


SBC  Type  3  - 
Plate  3.2.1  - 
Plate  3.2.2- 
Plate  3.2.3  - 
Plate  3.2.4- 
Plate  3.2.5  - 
Plate  3.2.6  - 


Lower  Monumental 

SBC  Type  3  -  2-Unit  Bypass/Collection  SBC  (Existing  ESBS)  -  Site  Plan 

SBC  Type  3  -  Unit  5/6  Entrance  -  Plan 

SBC  Type  3  —  Section 

SBC  Type  3  -  Spillbay  8  -  Section 

SBC  Type  3  -  Behavioral  Guidance  Structure  -  Profile 

SBC  Type  3  —  Electrical  One-Line  Diagram 


SBC  Type  4  -  Ice  Harbor 

Plate  3.3.1  -  SBC  Type  4  -  Spillway  SBC  (New  ESBS)  -  Site  Plan 
Plate  3.3.2  -  SBC  Type  4  -  Spillbay  -  Plan  and  Section 
Plate  3.3.3  —  SBC  Type  4  —  Behavioral  Guidance  Structure  —  Profile 
Plate  3.3.4  —  SBC  Type  4  —  Electrical  One-Line  Diagram 
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CK  ELK855  \  \  CHANNEL  SUPPORT  GUIDE 
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FIXED  SPILLWAY  \  ^  HOIST  STRUCTURE 

EXTENSION  STRUCTURE  \  III  I II  / 
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BEHAVIORAL  GUIDANCE  STRUCTURE  (BGS) 
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9.  System  Combination  3A— Alternate  Adaptive 
Migration  Strategy  for  Transportation  and 
Bypass 

System  Combination  3A  applies  a  flexible  migration  strategy’  allowing  for  both  transportation  and  inriver 
migration.  In  this  regard  System  Combination  3  and  3A  are  similar.  The  main  difference  between  the 
two  alternatives  is  the  method  used  for  inriver  migration.  System  Combination  3  uses  surface  collectors 
at  Lower  Granite,  Little  Goose,  and  Lower  Monumental  Dams  to  collect  the  fish  and  guide  them  to 
modified  spillbays  or  through  the  central  non-overflow  monoliths.  System  Combination  3A  depends 
upon  RSWS  for  both  attracting  the  fish  to  the  spillbays  and  passing  the  fish  downstream  when  in  bypass 
mode. 

At  Lower  Granite  and  Lower  Monumental  Dams,  SBC  channels  would  be  constructed  in  front  of  Turbine 
Units  5  and  6  to  collect  juvenile  fish  for  downstream  transportation  via  barge  or  truck.  A  RSW  would  be 
installed  in  Spillbays  3  and  5.  Each  RSW  would  consist  of  a  removable  raised  ogee  crest  placed  between 
the  upstream  portions  of  the  spillbay  piers,  spanning  the  entire  spillbay  width,  with  the  downstream 
remainder  of  the  spillbay  to  remain  at  its  existing  elevation.  A  BGS  would  be  installed  to  guide  the  fish 
away  from  Powerhouse  Units  1  to  4  and  towards  the  SBC  or  the  RSWs.  The  surface  collector,  BGS,  and 
RSWs  are  collectively  referred  to  as  SBC  Type  5.  The  SBC  Type  5  design  allows  for  either  inriver  fish 
passage  or  collection  of  juveniles  for  transportation. 

As  with  the  other  system  combinations,  ESBS  intake  diversion  screen  systems  would  be  used  in 
conjunction  with  the  Type  5  SBC  to  collect  fish  that  pass  under  or  around  the  components  of  the  SBC 
system  and  into  the  turbine  intakes.  At  Lower  Granite  the  existing  ESBS  would  be  used,  whereas  at 
Lower  Monumental  there  would  need  to  be  new  ESBS  to  replace  the  existing  STS  diversion  screen 
system.  The  ESBS  would  be  located  in  all  six  turbine  intakes. 

At  Little  Goose  a  full-length  powerhouse  occlusion  structure  would  be  installed  to  guide  fish  away  from 
the  powerhouse  towards  RSWs  placed  in  Spillbays  1  and  4.  The  fish  would  pass  fish  directly  to  the 
tailrace.  The  existing  ESBS  intake  diversion  systems  would  be  used  in  all  unit  intakes.  This  surface 
collection  system  is  referred  to  as  SBC  Type  6. 

At  Ice  Harbor  an  RSW  would  be  constructed  at  Spillbays  1  and  4.  A  BGS  would  be  included  in  the 
forebay  to  direct  fish  away  from  the  powerhouse  intakes.  The  RSWs  and  BGS  together  are  referred  to  as 
SBC  Type  7.  Fish  guided  by  the  BGS  would  be  passed  directly  to  the  tailrace  via  the  RSW.  New  ESBS 
intake  diversion  screens  would  replace  the  existing  STS  diversion  screens  in  the  turbine  intakes  to  offer 
improved  bypass  efficiency  for  any  fish  which  do  pass  under  the  BGS. 

Detailed  descriptions  of  the  specific  bypass  and  collection  facilities  at  each  project  which  make  up 
System  Combination  3  A  are  presented  in  the  following  text,  or  referenced  to  earlier  text  where  applicable. 
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9.1  Lower  Granite:  2-Unit  Collection/Transport  SBC  with  Existing 
ESBS,  BGS,  and  Two  RSWs  -  SBC  Type  5 

SBC  Type  5  is  designed  to  allow  for  fish  collection  and  transportation  using  a  two  unit  SBC,  and  for 
bypassing  the  fish  over  a  modified  spillway  using  RSWs.  The  selected  passage  method  would  vary 
depending  on  river  conditions,  etc. 

Surface  Collector 

The  goal  of  the  two-unit  SBC  is  to  guide  fish  to  a  single  SBC  channel  by  the  use  of  a  physical  guidance 
structure  located  in  the  forebay.  The  collected  fish  would  be  directed  to  the  existing  juvenile  fish  gallery 
and  then  downstream  to  the  existing  juvenile  facilities.  The  option  includes  the  continued  use  of  existing 
ESBS  intake  diversion  screens  in  conjunction  with  the  new  SBC  channel.  Fish  passing  under  the  BGS 
and  into  the  turbine  intakes  would  be  diverted  towards  the  juvenile  fish  gallery.  The  two-unit  SBC  is 
depicted  on  Plates  4.1.1  through  4.1.3. 

SBC  Type  5  utilizes  a  shortened  SBC  channel,  which  extends  only  across  Turbine  Units  5  and  6.  The 
channel  is  21.3  meters  (70  feet)  deep  and  utilizes  similar  hydraulic  design  parameters  described  for  SBC 
Type  1;  therefore,  the  channel  layout  is  similar  to  the  SBC  Type  1  design,  however,  there  are  some 
notable  differences.  This  option  includes  only  one  entrance  with  a  corresponding  total  system  flow  equal 
to  one-third  of  that  defined  for  SBC  Type  1.  The  orientation  of  the  internal  conduit  is  in  the  opposite 
direction  from  the  channels  described  for  SBC  Type  1  in  that  the  flow  enters  through  an  entrance  near  the 
south  end  of  the  channel  and  then  turns  90-degrees  to  the  north.  The  fish  transport  flow  is  passed  into  the 
juvenile  fish  gallery  to  the  north  of  the  existing  north  auxiliary  water  port.  The  auxiliary  water  port  is 
maintained  so  that  supplemental  flow  can  be  added  to  the  gallery  as  required.  Additionally,  the  use  of  a 
single  fish  transport  conduit  allows  the  overall  channel  width  to  be  reduced  by  approximately  2.7  meters 
(9  feet)  from  that  shown  for  SBC  Type  1.  Other  than  these  differences,  the  channel  operates  in  fashion 
similar  to  that  described  for  SBC  Type  1 .  Screened  flow  is  discharged  over  Spillbay  1  via  an  SES.  The 
SES  is  similar  to  the  structure  described  for  SBC  Type  1. 

When  the  fish  passage  operational  strategy  is  inriver  passage,  a  bulkhead  could  be  placed  in  the  screened 
flow/bypass  channel  to  prevent  fish  passage  through  the  SBC  channel.  The  goal  would  be  to  maximize 
fish  passage  over  the  RSWs.  Alternatively,  the  surface  collector  could  be  used  to  collect  fish  for  inriver 
passage.  This  would  be  accomplished  by  diverting  the  fish  through  the  bypass  doors  located  in  the  SBC 
channel  and  directing  the  fish  to  Spillbay  1  via  the  SES.  The  fish  would  then  pass  over  the  spillway  while 
the  tainter  gate  is  partially  raised.  This  strategy  would  likely  reduce  the  number  of  fish  in  the  vicinity  of 
the  collector  swimming  to  the  turbine  intakes.  However,  it  would  also  likely  reduce  the  number  of  fish 
bypassing  over  the  RSWs. 

A  cutoff  wall  would  be  installed  on  the  underside  of  the  surface  collector  to  prevent  fish  from  swimming 
underneath  the  surface  collector  in  the  vicinity  of  Spillbay  1,  towards  the  turbine  intakes.  The  cutoff  wall 
is  similar  to  the  cutoff  wall  included  for  SBC  Type  1,  and  is  described  in  more  detail  in  Section  5.1. 

Alternate  Discharge  of  Screened  Water 

The  design  for  this  option  calls  for  screened  water  to  flow  into  a  SES  and  then  over  Spillbay  1.  There  are 
alternatives  available  that  would  be  investigated  prior  to  final  design  of  this  SBC  type.  Each  of  the 
alternatives  described  below  would  allow  an  RSW  to  be  placed  in  Spillbay  1.  Because  the  BGS  guides 
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fish  to  the  spillway,  it  is  desirable  to  have  an  RSW  as  close  as  possible  to  the  end  of  the  BGS.  Spillbay  1 
is  the  closest  spillbay  to  the  end  of  the  BGS. 

One  alternative  is  to  provide  a  channel  extending  through  the  central  non-overflow  monolith,  over  the 
tailrace  deck,  and  into  the  tailrace.  The  screened  water  could  then  be  passed  through  this  channel.  This 
concept  is  similar  to  that  described  in  Section  7.1  and  Attachment  A  to  this  report.  A  number  of  design 
issues  would  have  to  be  addressed,  including  optimizing  the  discharge  locations  and  addressing  effects  to 
current  dam  operations.  Channeling  flow  through  the  central  non-overflow  would  allow  the  surface 
collector  to  be  able  to  collect  and  bypass  fish  downstream  of  the  dam. 

Another  alternative  to  passing  flow  over  Spillbay  1  is  to  install  a  pump-back  system  to  pump  the  water 
back  into  the  reservoir.  This  would  allow  the  56.6  m3/s  (2,000  cfs)  flow  to  be  used  for  hydropower 
production.  This  option  would  not  allow  the  surface  collector  to  be  used  for  bypassing  fish  when  not  in 
transport  mode. 

Also,  the  flow  could  be  routed  to  the  adult  fish  attraction  water  channel  below  the  tailrace  deck.  This 
would  require  dissipation  of  hydraulic  head.  This  option  would  not  allow  the  surface  collector  to  be  used 
for  bypassing  fish  when  not  in  transport  mode. 

Behavioral  Guidance  Structure 

Since  the  channel  only  extends  across  Units  5  and  6,  a  BGS  is  included  in  the  forebay  to  guide  the  fish 
away  from  Units  1  through  4.  The  BGS  is  shown  on  Plate  3.1.5.  The  BGS  concept  design  is  the  same  as 
that  included  for  SBC  Type  3  and  included  with  System  Combination  3. 

Removable  Spillway  Weir 

An  RSW  would  be  placed  in  Spillbays  3  and  5  to  bypass  fish  when  desired.  Placing  an  RSW  in  both 
Spillbays  3  and  5  will  likely  result  in  more  fish  being  attracted  from  the  north  and  middle  portions  of  the 
spillbay  to  one  of  the  RSWs.  The  SES  prevents  the  placement  of  an  RSW  in  Spillbays  1  or  2. 

A  prototype  RSW,  similar  to  that  included  for  SBC  Type  4,  is  scheduled  for  installation  and  testing  in 
Spillbay  1  at  Lower  Granite  in  Spring  2001.  It  is  hoped  more  information  is  learned  from  this  RSW.  If 
this  RSW  is  successful,  it  may  become  a  permanent  structure;  however,  it  would  have  to  be  moved  to 
Spillbay  3  or  5  if  a  SES  is  installed,  as  is  included  with  this  System  Combination.  The  cost  estimate 
assumes  the  use  of  the  prototype  RSW  as  a  permanent  RSW. 

A  detailed  description  of  the  RSW  is  not  included  herein,  but  the  purpose  and  function  of  the  RSW 
described  for  SBC  Type  4  is  similar  to  the  RSW  included  for  SBC  Type  5.  The  layout  of  the  prototype 
RSW  planned  for  testing  in  2001  is  shown  on  Plate  4. 1 .4.  It  is  anticipated  that  all  permanent  RSWs 
would  be  similar. 

ESBS  Diversion 

As  stated  above,  this  SBC  type  includes  the  combined  use  of  an  SBC  system  and  existing  ESBS  diversion 
screens.  The  diversion  screens  are  included  in  this  option  to  guide  fish  that  pass  below  the  channel 
structure  into  the  turbine  intakes. 
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9.1.1  Hydraulics 

Channel  Entrances 

The  SBC  entrance  hydraulics  is  the  same  as  those  described  for  SBC  Type  1 .  In  this  option  the  entrance 
has  been  located  south  of  the  joint  between  Units  5  and  6,  in  the  vicinity  of  the  downstream  end  of  the 
BGS.  This  location  is  considered  advantageous  in  that  fish  being  guided  along  the  upstream  face  of  the 
BGS  would  be  led  directly  to  the  collector  entrance. 

Dewatering  Screens 

The  dewatering  screen  section  of  the  conduit  would  similar  to  that  described  in  SBC  Type  3.  No  separate 
secondary  dewatering  would  be  required.  The  screen  would  reduce  the  56.6  m3/s  (2,000  cfs)  collection 
flow  to  approximately  0.85  m3/s  (30  cfs).  Control  of  flow  through  the  dewatering  screens  is  handled  as 
described  for  SBC  Type  1  using  the  spillway  to  adjust  flow  and  uniformly  decreasing  the  screen  porosity. 

Behavioral  Guidance  Structure 

The  hydraulic  criteria  for  the  BGS  for  SBC  Type  5  are  the  same  as  for  SBC  Type  3.  Flow  criteria  is 
described  in  Section  3.3.1. 

Removable  Spillway  Weir 

Hydraulic  issues  for  the  RSW  design  for  SBC  Type  5  are  in  many  ways  similar  to  that  for  SBC  Type  4. 

The  prototype  RSW  to  be  installed  at  Lower  Granite  in  2001  was  based  on  extensive  model  testing.  The 
selected  shape  of  the  RSW  was  based  upon  maximizing  fish  attraction  to  the  RSW  in  the  upper  9. 1  meters 
(30  feet)  to  15.2  meters  (50  feet)  of  the  water  column.  Testing  of  the  prototype  RSW  will  provide 
additional  information  about  the  adequacy  of  the  hydraulic  criteria.  The  RSW  would  pass  about  170  m3/s 
(6,000  cfs)  at  MOP  and  about  3 1 1  m3/s  (1 1,000  cfs)  at  maximum  operating  pool. 

Fish  Ladder  Extension 

Because  the  BGS  extends  to  the  bank,  it  may  pose  a  barrier  to  adult  fish  passage.  An  extension  to  the  fish 
ladder  is  required  to  improve  the  number  of  adult  fish  swimming  upstream  of  the  BGS.  The  FLE  is  the 
same  as  that  described  for  SBC  Type  3. 

9.1.2  Structural  Design 

SBC  and  Spillway  Extension  Structure 

The  two-unit  SBC  channel  for  SBC  Type  5  is  a  floating  structure  similar  to  those  described  for  the  other 
SBC  types  and  with  similar  structural  design  issues.  As  is  the  case  for  SBC  Type  1,  a  SES  with 
removable  bulkheads  will  be  installed  in  Spillbay  1 .  The  structural  design  issues  for  the  SES  are  the  same 
as  described  in  Section  5.1.2. 

The  single  entrance  and  conduit  allows  for  an  additional  reduction  in  the  overall  width  of  the  channel  over 
that  shown  for  SBC  Type  1.  In  fact,  this  SBC  option  has  the  narrowest  channel  of  any  of  the  other  SBC 
types  at  10.7  meters  (35  feet)  wide.  This  is  an  additional  reduction  of  2.74  meters  (9  feet)  from  the  13.4- 
meter  (44-foot)  width  shown  for  SBC  Type  1,  which  further  reduces  the  horizontal  inertial  force  of  the 
channel  resulting  from  an  earthquake.  This  reduction  in  horizontal  load  would  be  approximately  1,570 
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kN  (354  kips)  per  powerhouse  unit  monolith.  Expressed  as  a  percentage  of  the  combined  hydrostatic  and 
hydrodynamic  forebay  loads  applied  during  an  earthquake,  if  the  channel  were  present,  a  direct 
attachment  would  result  in  an  increase  of  about  2.7  percent  to  the  horizontal  downstream  loading,  and  a 
corresponding  increase  in  the  forebay  applied  overturning  moment  of  about  6.3  percent.  This  represents  a 
significant  reduction  over  the  loads  considered  for  the  wider  full  powerhouse  surface  collectors.  This 
would  help  address  the  concern  for  dam  stability  with  a  surface  collector  in  place,  as  described  in  Section 
5.1.2.  Nonetheless,  the  proposed  attachment,  absent  a  detailed  stability  analysis,  is  a  fused  connection  as 
proposed  for  SBC  Type  1. 

Since  the  fish  transport  flow  is  directed  to  the  north,  a  penetration  in  the  forebay  wall  of  the  central  non¬ 
overflow  section  of  the  dam  is  made.  The  proposed  design  is  to  cut  an  opening  through  the  concrete  to 
the  north  of  the  existing  auxiliary  water  port  and  add  a  steel  caisson  to  receive  the  conduit  flow.  This  is 
depicted  on  Plate  4.1.2.  The  new  opening  leads  directly  to  the  existing  fish  gallery  in  the  dam.  The 
caisson  would  be  similar  in  design  to  that  described  for  SBC  Type  3.  The  caisson  consists  of  stiffened 
steel  panels  designed  for  a  fully  dewatered  condition  at  the  forebay  maximum  flood  elevation  of  227.5 
meters  (746.5  feet).  As  for  SBC  Types  1  and  3,  a  debris  skimmer  system  like  the  one  previously 
described  would  still  be  required  at  the  gallery  downwell  in  the  erection  bay  where  the  floating  debris 
would  accumulate. 

Behavioral  Guidance  Structure 

The  BGS  for  this  SBC  type  is  the  same  as  included  for  SBC  Type  3. 

Removable  Spillway  Weir 

As  was  mentioned  previously,  a  prototype  RSW  is  planned  for  installation  in  Spillbay  1  at  Lower  Granite 
in  the  Spring  2001.  This  report  assumes  the  permanent  RSWs  will  be  structurally  similar  to  the  prototype 
RSW. 

The  SBC  Type  5  RSW  will  weigh  approximately  810  tonnes  (900  tons).  Also,  the  RSW  includes  an 
extension  of  the  spillway  pier  towards  the  forebay.  The  pier  extension  is  actually  connected  with  the  weir 
portion  of  the  RSW,  not  the  spillway  piers. 

A  large  concrete  block  will  be  placed  between  the  upstream  face  of  the  spillway  and  lower  portion  of  the 
RSW  to  resist  uplift  on  the  RSW.  The  concrete  block  will  form  the  lower  sealing  surface  of  the  RSW. 

The  RSW  is  attached  to  a  hinged  connection  to  allow  it  to  be  rotated  back  into  the  forebay  when 
necessary  to  allow  for  the  spillbay  to  pass  high  flows  when  necessary.  The  hinge  supports  are  anchor 
bolted  to  the  spillway  monolith  near  the  bottom  of  the  forebay.  When  the  RSW  is  deployed,  the  hinges 
support  the  weight  of  the  structure.  A  pad  will  rest  on  the  bottom  of  the  forebay  to  support  the  RSW 
when  it  is  lowered. 

9.1,3  Mechanical  Requirements 

Surface  Collector 

With  the  exception  of  the  reduced  mechanical  requirements  for  the  entrance  debris  rake  discussed  below, 
mechanical  design  issues  for  SBC  Type  5  are  similar  to  SBC  Type  1,  with  a  reduced  number  of  vertically 
sweeping  brush  bar  screen  cleaners  (10)  and  control  weirs  (1)  required  due  to  the  single  fish  conduit  and 
dewatering  section. 
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Debris  Management  Systems 

Debris  management  for  SBC  Type  5  is  similar  to  the  full  powerhouse  options  with  a  couple  of  notable 
exceptions.  Because  there  is  only  one  entrance  for  SBC  Type  5,  the  debris  rake  at  the  entrance  would  be 
stationary  which  will  reduce  the  cost  of  the  machine.  The  debris  removal  method  would  be  the  same  as 
that  described  for  SBC  Type  1  utilizing  a  muck  car;  however,  with  only  one  entrance  the  system  will  be 
less  complex.  Since  fish  conduit  flow  enters  the  existing  juvenile  bypass  gallery  at  the  north  end,  the 
surface  skimmer  at  the  gallery  downwell  will  be  mounted  in  a  stand-alone  caisson  dedicated  solely  for 
that  purpose.  As  with  SBC  Type  1,  the  use  of  vertical  brush  cleaners  at  the  dewatering  screens  will 
minimize  the  debris,  which  would  be  passed  into  the  gallery. 

Removable  Spillway  Weir 

The  mechanical  requirements  for  the  RSWs  include  a  hinged  connection  below  the  weir  to  allow  the 
RSW  to  be  rotated  upstream  during  high  flows.  The  spillbay  will  then  be  available  to  pass  high  flows. 
Also,  an  air  buoyancy/water  ballast  system  would  be  included  to  allow  the  RSW  to  be  rotated  down  into 
the  forebay  and  back  and  back  into  normal  operating  position.  It  would  consist  of  air  and  water  piping, 
valving,  air  compressors  and  monitoring  equipment.  A  position  indicator  placed  on  the  RSW 
communicating  with  a  programmable  logic  control  would  work  together  to  carefully  control  the  lowering 
and  raising  of  the  RSW  by  controlling  the  amount  of  air  and  water  in  the  flotation  tanks  of  the  RSW. 

Fish  Ladder  Extension 

A  FLE  is  required  for  SBC  Type  5,  similar  to  that  required  for  SBC  Type  3.  A  water  pump  and  a 
hydraulic  pump  for  the  hydraulic  cylinders  on  the  two  water  control  gates  are  required  for  the  FLE. 

9.1.4  Electrical  Requirements 

Surface  Collector 

Except  for  the  reduced  loading  of  the  electrical  power  distribution  for  SBC  Type  5  (substantially  reduced 
over  Type  1)  the  issues  are  similar.  Electrical  power  is  required  for  the  debris  skimmer,  screen  cleaners, 
emergency  bypass  doors,  and  the  SBC  entrance  rake.  Consequently,  similar  power  routing  and  controls 
strategies  are  employed.  For  SBC  Type  5,  the  total  electrical  load  is  approximately  180  amperes. 

Removable  Spillway  Weir 

The  RSW  would  require  electrical  power  for  lights  on  the  spillway  deck,  the  PLC,  and  general  use 
receptacles.  The  power  requirements  are  approximately  4.8  kVA  with  a  120/240  service  voltage  for  the 
two  RSWs. 

Fish  Ladder  Extension 

Like  the  SBC  Type  3,  the  SBC  Type  5  requires  a  FLE.  Electrical  power  is  required  for  the  attraction 
water  pump  motor  and  the  hydraulic  system  pump  motor  (for  the  FLE  control  gates)  near  the  fish  ladder 
exit  at  the  south  non-overflow  section. 
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Except  for  the  presence  of  the  BGS  and  FLE,  the  system  operations,  corrosion  protection,  debris 
maintenance,  and  mechanical  system  maintenance  issues  for  SBC  Type  5  are  similar  to  SBC  Type  1 
although  reduced  in  magnitude.  With  the  fixed  entrance  debris  rake  (rather  than  a  rail-mounted  one)  the 
complexity  of  that  system  will  be  reduced  from  an  O&M  standpoint.  Also,  because  the  total  magnitude 
of  the  system  is  reduced  over  SBC  Type  1  (only  one  entrance  and  dewatering  area),  it  is  anticipated  that 
one  full-time  operator  will  be  required  to  handle  the  daily  operations  of  the  channel.  This  would  represent 
an  average  requirement  over  the  operating  season.  Off-season  maintenance  requirements  would  be 
reduced  over  the  previous  options  due  to  the  reduction  in  overall  magnitude  of  the  system. 

Since  the  BGS  directs  fish  (and  debris)  to  the  SBC  entrance,  it  is  likely  that  the  entrance  debris  rake  will 
operate  more  frequently  to  keep  the  entrance  rack  clear  of  debris.  Debris  management  at  the  BGS  is 
anticipated  to  be  similar  to  that  of  the  existing  trash  shear  boom,  except  that  the  total  volume  of  material 
should  be  reduced  due  to  the  presence  of  the  trash  shear  boom  upstream  of  the  BGS.  Good,  unfettered 
access  by  boat  to  both  faces  of  the  BGS  is  possible  with  the  integration  of  the  vertical  guide  buoy  into  the 
pontoon  system  as  shown  on  Plate  3.1.5.  This  anchorage  attachment  design  also  results  in  relatively  little 
opportunity  for  debris  to  hang  up  on  the  BGS  pontoon  or  anchor  system. 

Emergency  RSW  Removal 

The  operation  of  the  RSW  includes  the  assumption  that  it  would  be  rotated  into  the  forebay  prior  to 
design  flood  events  so  that  the  hydraulic  capacity  of  the  project  could  be  maximized.  The  RSW  would  be 
raised  back  into  position  after  the  high  flows  have  passed.  This  is  not  anticipated  to  be  a  very  frequent 
occurrence  since  the  flood  of  record  on  the  lower  Snake  River  is  1 1,600  m3/s  (409  kefs),  which  occurred 
in  1894,  before  the  construction  of  any  flood  control  dams  on  the  river,  and  this  is  about  half  the  hydraulic 
capacity  of  the  spillways.  It  would  take  about  one-halfday  to  rotate  the  RSW  off  the  spillway.  The 
rotation  of  the  RSW  would  utilize  a  PLC  that  would  control  compressed  air  lines,  air,  and  water  valves. 
Air  would  be  added  to  or  removed  from  the  flotation  tanks  slowly  to  provide  a  controlled  descent  or 
ascent  of  the  RSW. 

The  RSW  would  need  to  be  exercised  occasionally  to  insure  it  functions  properly  and  to  allow  project 
personnel  to  practice  controlling  the  ascent/descent  process. 

9.1.6  Construction  Issues 

Described  below  are  constructibility  issues  for  each  of  the  SBC  Type  5  components.  Refer  to  the 
implementation  schedule  for  the  SBC  Type  5  option  in  Section  9.5.3  for  more  information. 

Surface  Collector.  BGS.  and  FLE 

Construction  issues  for  the  Type  5  SBC  design  are  similar  to  those  discussed  for  the  SBC  Type  1  design 
(as  concerning  the  channel),  with  the  exception  of  the  addition  of  the  BGS  and  FLE.  Thus,  installation 
strategies  for  the  components  would  be  the  same,  utilizing  barged  or  trucked  sub-assemblies  erected 
remotely  from  the  powerhouse  for  final  installation  by  floating  them  into  position.  Final  fit-out  would  be 
accomplished  with  the  channel  in  place. 
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The  BGS,  being  a  separate  floating  structure,  could  be  constructed  anywhere  sufficient  draft  is  available 
for  the  rigid  curtain  to  be  assembled,  installed,  and  floated  into  place.  Installation  of  the  anchorage 
system  for  the  BGS  would  require  the  use  of  barges,  cranes,  and  divers.  Assembly  and  installation  of  the 
FLE  would  be  performed  in  a  similar  manner  and  would  be  most  efficiently  done  in  conjunction  with  the 
BGS  installation.  Since  the  FLE  components  have  considerably  less  draft  than  the  BGS  components,  the 
depth  requirements  for  locations  in  the  river  where  the  constniction  and  initial  assembly  could  take  place 
are  less  restrictive. 

Removable  Spillway  Weir 

The  new  RSW  would  be  installed  in  Spillbay  5,  and  designed  so  it  could  be  floated.  The  RSW  would  be 
constructed  off  site  and  shipped  upstream.  The  hinges,  a  large  concrete  closure  block  spanning  the 
spillway  width,  and  the  spillway  sealing/bearing  surface  would  be  partially  installed  underwater  with 
divers.  The  RSW  would  be  floated  into  position  and  attached  to  the  hinge. 

It  is  planned  to  relocate  the  RSW,  which  will  be  used  for  the  prototype  testing  in  2001,  to  Spillbay  3. 

New  hinges,  a  concrete  closure  block,  and  a  spillway  sealing/bearing  surface  will  have  to  be  installed  in 
Spillbay  3.  This  will  all  be  in-water  work. 

9.1.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  5  SBC  at  Lower  Granite  is 
76,300,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  two 
pages.  Annual  O&M  costs  are  estimated  to  be  $260,000. 

9.2  Little  Goose:  Occlusion  Structure  (with  Existing  ESBS)  and  Two 
RSWs  -  SBC  Type  6 

SBC  Type  6  is  intended  to  improve  inriver  passage  over  the  spillway  at  Little  Goose  Dam;  no  major 
system  improvements  for  transportation  are  included.  The  strategy  of  SBC  Type  6  is  to  reduce  the  flow 
patterns  that  attract  fish  to  the  turbine  intakes,  and  direct  the  flow  and  fish  to  RSWs  placed  in  Spillbays  1 
and  4.  The  RSWs  are  the  same  as  those  described  for  SBC  Type  5. 

A  large  box-shaped  occlusion  structure  would  be  placed  in  front  of  the  powerhouse.  This  occlusion 
would  block  flow  currently  directed  towards  the  powerhouse  intakes.  The  theory  is  that  fish  in  the  upper 
portions  of  the  water  column  would  not  experience  the  large  downward  flows  that  draw  them  into  the 
turbine  intakes.  Instead,  with  the  RSWs  operating,  lateral  flow  patterns  would  be  created,  drawing  the 
fish  to  the  RSWs. 

The  occlusion  structure  may  also  provide  an  additional  benefit.  Observations  during  the  prototype  SBC 
channel  testing  at  Lower  Granite  Dam  seemed  to  show  that  the  presence  of  the  SBC  improved  the  fish 
guidance  efficiency  (FGE)  of  the  existing  ESBS  intake  diversion  screens.  However,  there  has  not  been  a 
comprehensive  test  dedicated  to  confirm  these  observations;  therefore,  another  possible  benefit  of  the 
occlusion  structure  is  to  improve  the  FGE,  similar  to  the  prototype  SBC. 

It  is  uncertain  that  this  strategy  would  work  well.  If  model  testing  shows  that  an  occlusion  structure  is  not 
likely  to  divert  a  high  percentage  of  fish  to  the  RSWs,  a  full  powerhouse  surface  collector  (SBC  Type  2) 
could  be  installed  that  would  collect  fish  and  bypass  them  through  Spillbay  1  or  the  central  non-overflow. 
Alternatively,  a  bypass  through  the  north  non-overflow  section  could  be  considered;  however,  this  option 
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has  not  been  investigated  yet.  The  occlusion  structure  is  included  in  this  option  to  show  a  possible 
alternative  to  a  surface  collector  at  Little  Goose.  Use  of  a  BGS  and  a  tw  o  unit  surface  collector  is  not 
possible  because  the  BGS  would  have  to  cross  the  navigation  lock  in  order  to  be  effective. 

Installation  of  an  RS  W  in  Spillbay  1  would  require  moving  the  trash  boom.  A  potential  location  is  shown 
on  Plate  4.3.1.  The  relocated  trash  boom  would  have  to  be  analyzed  and  possibly  strengthened  to  account 
for  different  loadings  due  its  new  location. 

9.2.1  Hydraulics 

Removable  Spillway  Weirs 

Hydiaulie  considerations  for  the  RSWs  at  Little  Goose  would  be  similar  to  those  for  Lower  Granite  (SBC 
Type  5).  The  shape  of  the  spillway  and  piers  are  similar;  however,  additional  spillbay  and  forebay 
modeling  is  necessary  to  determine  the  optimal  flow  patterns  in  the  forebay  and  along  the  RSW. 

As  described  above,  the  goal  of  this  alternative  is  to  divert  flow  in  the  upper  portions  of  the  water  column 
from  heading  towards  the  turbine  intakes.  The  RSWs  would  create  a  surface  flow  towards  the  RSWs,  and 
fish  would  then  pass  over  the  RSWs.  Additional  hydraulic  modeling  would  be  required  to  confirm  if  this 
strategy  would  be  effective.  Operation  of  the  powerhouse  would  likely  have  a  significant  effect  on  flow 
patterns  near  the  powerhouse. 

Fish  north  of  the  RSWs  would  likely  be  attracted  to  the  RSW  in  Spillbay  3  and  would  not  experience  the 
effects  of  the  powerhouse  flow. 

Fish  Guidance  Efficiency  Improvements 

Although  the  approach  taken  in  this  preliminary  design  study  was  to  mimic  the  SBC  prototype  hydraulic 
effect,  some  pertinent  questions  should  be  addressed  from  both  a  biological  and  hydraulic  model 
perspective  prior  to  any  final  design  of  an  ESBS  guidance  improvement  structure.  These  issues  would 
include: 


•  Are  the  SBC  observations  valid  or  do  they  reflect  scatter  in  the  data,  or  the  influence  of  other 
parameters? 

•  What  features  or  influences  of  an  occlusion  structure  might  cause  improvements  in  diversion 
screen  FGE? 

The  occlusion  structure  could  potentially  influence  FGE  of  the  diversion  screens  either  by  improving  fish 
guidance  from  higher  in  the  forebay  to  the  turbine  intake  and/or  by  locally  improving  flow  conditions  and 
fish  guidance  within  the  turbine  intake,  across  the  screens,  and  into  the  bulkhead  slots.  These  flow 
features  could  likely  be  evaluated  or  confirmed  through  use  of  the  existing  models.  Modeling  should  be 
pursued  if  further  development  of  this  option  is  proposed;  use  of  the  modeling  would  allow  optimization 
of  the  design. 
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9.2.2  Structural  Design 

Removable  Spillway  Weirs 

The  structural  design  considerations  for  the  RSWs  are  the  same  as  for  the  RSWs  included  for  SBC  Type 
5.  The  spillway  and  pier  shapes  at  Little  Goose  are  similar  to  those  for  Lower  Granite.  It  is  possible  that 
final  design  criteria  would  indicate  the  design  seismic  loading  is  higher  at  Little  Goose  than  at  Lower 
Granite;  however,  this  should  not  complicate  the  design  significantly. 

Occlusion  Structure 

The  structural  system  consists  of  braced  structural  steel  support  frames  located  at  the  piers  with  stiffened 
steel  plate  panels  spanning  approximately  9.1  meters  (30  feet)  between  the  frames.  The  panels  make  up 
the  bottom  of  the  structure  and  a  partial  height  front  wall. 

Loads  for  consideration  in  the  design  of  the  structural  system  include  those  from  load  rejection,  static  and 
dynamic  forces  due  to  the  hydraulic  load  caused  by  water  passing  down  and  around  the  structure,  seismic 
inertial  loads  due  to  the  mass  of  confined  water  between  the  vertical  steel  wall  and  the  dam,  seismic 
inertial  loads  due  to  the  mass  of  the  structure  itself,  and  the  hydrodynamic  Westergaard  forces  imposed  on 
the  structure  during  a  seismic  event. 

It  is  conceivable  that  the  structural  bracing  system  could  be  designed  for  the  full  inertial  forces  described 
above;  however,  this  is  not  seen  as  a  reasonable  approach  to  the  design  of  this  structure.  Rather,  it  is 
proposed  that  the  structure  be  designed  to  limit  the  transmission  of  these  forces  to  the  dam.  Not  only  does 
this  result  in  an  overall  reduction  in  the  magnitude  of  the  steel  structure,  but  it  also  reduces  concerns 
about  the  stability  of  the  powerhouse  under  additional  seismic  loads,  as  previously  discussed  for  other 
options.  To  limit  the  transmission  of  inertial  forces  to  the  structure  and  the  dam,  the  primary  load  transfer 
feature  for  transfer  of  inertial  forces  (the  partial  height  vertical  wall)  would  be  designed  to  yield  under 
seismic  loads.  To  accomplish  this  yielding,  it  is  proposed  that  the  top  of  the  wall  be  attached  to  the  frame 
with  fused  connections  consisting  of  shear  pins  designed  to  shear  at  a  prescribed  load  with  the  bottom  of 
the  wall  attached  by  large  hinged  connections.  During  a  major  seismic  event,  the  panels  would  fall  onto 
the  structure  to  be  restored  to  their  original  position  after  inspection  of  the  structure.  It  should  be  noted 
that  yielding  of  the  panels  would  be  an  extremely  rare  occurrence. 

9.2.3  Mechanical  Requirements 

Removable  Spillway  Weir 

The  mechanical  requirements  for  the  RSWs  are  the  same  as  for  SBC  Type  5. 

Occlusion  Structure 

The  mechanical  system  requirements  for  the  occlusion  structure  center  on  the  intake  trash  rake  access 
door  and  door-opening  system.  The  doors  are  required  in  the  otherwise  solid  bottom  panel  of  the 
guidance  structure  located  just  above  and  upstream  of  the  intake  openings  across  the  length  of  the 
powerhouse.  The  doors  allow  the  trash  rake  to  access  the  trash  racks  below.  The  proposed  door  opening 
system  is  a  low-tech  solution  to  the  problem.  A  system  of  winches  and  cables  is  installed  with  the 
winches  located  on  the  parapet  wall  at  deck  level,  with  the  cables  attached  to  the  doors  through  a  series  of 
fixed  pulleys  or  blocks.  Two  cables  would  be  required  for  each  door  (one  on  each  side)  driven  by  a 
tandem  winch  arrangement  with  a  single  motor.  This  could  involve  two  drums  connected  by  a  7.6-meter 
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(25-foot)  shaft  or  a  single  split  drum  with  a  pulley  system.  Alternatively,  submerged  hydraulic  or 
pneumatic  cylinders  could  operate  the  doors.  Selection  of  a  door  actuation  strategy  would  be  a  final 
design  issue,  but  for  the  purposes  of  cost  estimating,  the  cable  and  winch  design  is  assumed. 

9.2.4  Electrical  Requirements 

Removable  Spillway  Weir 

The  electrical  requirements  are  similar  to  those  required  for  the  RSW  in  SBC  Type  5.  The  RSW  would 
require  electrical  power  for  lights  on  the  spillway  deck,  the  PLC,  and  general  use  receptacles.  The  power 
requirements  are  approximately  4.8  kVA  with  a  120/240  service  voltage  for  the  two  RSWs. 

Occlusion  Structure 

The  electrical  loads  for  the  occlusion  structure  come  from  the  18  electric  winches  proposed  for  opening 
and  closing  the  new  trash  rake  access  doors  located  in  the  bottom  panel  of  the  proposed  structure.  These 
winches  would  be  located  at  the  intake  deck  level  along  the  upstream  face  of  the  powerhouse.  Because 
the  functioning  of  these  winches  is  not  a  critical  system  issue  (they  provide  access  to  the  trash  racks  for 
the  intake  trash  rake),  it  is  anticipated  a  spare  circuit  would  be  used,  A  manual  start  switch  would  provide 
required  control  of  each  door  along  with  an  auto-stop  switch  governed  by  position  limit  switches  on  the 
doors  to  indicate  when  they  had  reached  their  fully  open  or  closed  positions. 

The  occlusion  structure  electrical  requirements  are  approximately  20  amperes. 

9.2.5  Operation  and  Maintenance  Issues 

Removable  Spillway  Weir 

The  O&M  issues  for  the  RSW  for  SBC  Type  6  are  identical  to  those  for  the  RSW  included  for  SBC  Type 
5.  Like  the  RSW  included  for  SBC  Type  5,  the  RSW  at  Little  Goose  would  have  to  be  rotated  onto  the 
bottom  of  the  forebay  to  allow  for  passage  of  high  flows. 

Occlusion  Structure 

Operation  of  the  doors  is  assumed  to  be  a  part  of  the  overall  trash  raking  activities  at  the  project  and  are 
not  accounted  for  separately  in  the  O&M  cost  estimate.  Occasional  inspection  of  the  steel  structure 
would  be  required;  however,  because  the  structure  is  proposed  to  be  finished  with  a  thermal  spray  coating 
(beyond  inspection  for  debris)  no  major  maintenance  is  anticipated  for  the  structure. 

9.2.6  Construction  Issues 

Removable  Spillway  Weir 

Issues  related  to  the  construction  of  the  RSWs  are  similar  to  that  for  the  new  RSW  included  for  SBC  Type 
5.  The  RSWs  would  likely  be  fabricated  off  site  and  floated  to  Little  Goose. 

Occlusion  Structure 

It  is  assumed  that  fabrication  of  the  structure  would  be  accomplished  in  panels,  which  could  be 
transported  by  barge  or  truck.  Through  the  use  of  a  mobile  crane  on  the  intake  deck,  the  panels  would  be 
lowered  into  place  for  final  installation  onto  pre-installed  support  steel.  Because  the  construction  occurs 
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directly  in  front  of  the  turbine  intakes,  turbines  at  the  affected  and  adjacent  intakes  would  have  to  be  shut 
down  during  diving  activities. 

Construction  sequencing  issues  identified  for  other  options  apply  to  the  occlusion  structure.  These 
include  the  in-water  work  window  and  other  project  operations  constraints.  Except  for  minor  assembly 
work  on  the  support  structure  and  the  panels,  most  of  the  installation  work  would  be  conducted  at  the  face 
of  the  powerhouse  in  the  forebay,  thus  requiring  unit  outages.  Scheduling  of  unit  outages  could  be 
combined  with  other  unit  maintenance  activities,  and  because  there  is  no  specific  advantage  from  an 
operations  standpoint  to  complete  construction  in  any  particular  sequence,  flexibility  is  quite  high. 

Installation  should  take  about  3  months.  Fabrication  should  take  about  the  same  amount  of  time. 

9.2.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  6  SBC  at  Little  Goose  is 
42,100,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  page. 
Annual  O&M  costs  are  estimated  to  be  $34,000. 

9.3  Lower  Monumental:  2-Unit  Collection/Transport  SBC  with  New 
ESBS,  BGS,  and  Two  RSWs-  SBC  Type  5 

The  design  of  the  Type  5  SBC  at  Lower  Monumental  is  similar  to  that  described  for  the  SBC  Type  5  at 
Lower  Granite  (refer  to  Section  9.1),  with  some  exceptions.  One  notable  exception  is  that  the  project 
layout  is  reversed  at  Lower  Monumental;  the  powerhouse  is  located  to  the  north  of  the  spillway.  As  a 
result,  the  reader  should  note  that  references  to  north  and  south  in  the  discussions  for  Lower  Granite  are 
reversed  in  the  discussions  for  Lower  Granite.  Plans  and  details  of  the  SBC  Type  5,  as  designed  for 
Lower  Monumental,  are  shown  on  Plates  4.3.1  and  4.3.2. 

Because  the  SBC  Type  5  design  for  Lower  Monumental  is  similar  to  the  design  for  Lower  Granite, 
investigation  of  alternatives  to  passing  screened  flow  over  the  spillbay  adjacent  to  the  powerhouse,  as 
described  in  Section  9.1,  apply  for  the  Lower  Monumental  design. 

As  previously  discussed,  other  differences  at  Lower  Monumental  include  the  0.91 -meter  (3.0-foot) 
normal  operating  range  fluctuation  of  the  forebay  and  the  need  to  replace  the  existing  STS  intake 
diversion  system  with  a  new  ESBS  diversion  system.  Details  concerning  the  effects  of  these  differences 
are  discussed  in  the  following  sections. 

9.3.1  Hydraulics 

Surface  Collector 

The  Type  5  SBC  installation  at  Lower  Monumental  is  nearly  identical  to  the  Type  5  SBC  at 
Lower  Granite.  Issues  related  to  collector  entrances,  dewatering,  the  cutoff  wall,  and  bypass  are 
the  same.  Screened  water  would  pass  through  a  SES  in  Spillbay  8. 

Behavioral  Guidance  Structure 

The  BGS  proposed  for  the  SBC  Type  5  at  Lower  Monumental  is  identical  to  that  included  for  the  SBC 
Type  3.  Refer  to  Section  8.3.1  for  more  infonnation. 
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Fish  Ladder  Extension 

The  hydraulic  features  of  the  FLE  are  as  described  in  Section  8.1.1,  including  supplemental  pumping.  A 
final  design  analysis  may  reveal  the  need  for  slightly  greater  pumping  capabilities  since  the  FLE  at  Lower 
Monumental  would  be  about  46  meters  (150  feet)  longer. 

9.3.2  Structural  Design 

Structural  design  issues  and  criteria  for  the  Type  5  SBC  at  Lower  Monumental  are  similar  to  those 
presented  for  other  SBC  types.  Although  potential  wind-driven  wave  loading  is  slightly  greater  than  for 
Lower  Granite,  it  is  significantly  less  than  at  Little  Goose  and  should  not  present  a  problem.  Other 
information  for  the  SBC  Type  5  design  is  similar  to  that  included  in  Section  9.1.2.  Structural  issues 
associated  with  the  new  ESBS  intake  diversion  system  are  as  described  in  Section  5.3.2. 

9.3.3  Mechanical  Requirements 

Mechanical  requirements  for  the  Type  5  SBC  at  Lower  Monumental  are  similar  to  the  SBC  Type  5  at 
Lower  Granite  except  that  the  debris  skimmer  is  not  required,  which  reduces  the  system  complexity 
somewhat.  Refer  to  Section  9.1.3  for  more  information.  Mechanical  requirements  for  the  new  ESBS 
systems  are  as  described  in  Section  5.3.3. 

9.3.4  Electrical  Requirements 

The  electrical  requirements  for  the  Type  5  SBC  at  Lower  Monumental  are  virtually  the  same  as  for  the 
Type  5  SBC  at  Lower  Granite.  Power  is  required  for  the  surface  collector,  RSW  lighting,  and  FLE 
pumps. 

9.3.5  Operation  and  Maintenance  Requirements 

The  O&M  requirements  for  the  surface  collector,  FLE,  and  RSWs  are  essentially  the  same  as  described 
for  SBC  Type  5  at  Lower  Granite.  Refer  to  Section  9.1.5  for  more  information. 

9.3.6  Construction  Issues 

Issues  related  to  the  construction  of  the  BGS,  surface  collector,  FLE,  and  RSWs  are  essentially  the  same 
as  for  Type  5  SBC  at  Lower  Granite.  Refer  to  Section  9.1.6  for  more  information. 

9.3.7  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  5  SBC  at  Lower  Monumental  is 
$95,700,000  in  1998  dollars,  including  new  ESBS.  A  cost  breakdown  is  presented  in  spreadsheet  format 
on  the  following  two  pages.  Annual  O&M  costs  are  estimated  to  be  $260,000. 

9.4  Ice  Harbor:  RSW  with  New  ESBS  -  SBC  Type  7 

The  goal  of  the  Type  7  SBC  design  is  to  provide  an  SBC  facility  at  the  spillway  to  divert  fish  away  from 
the  powerhouse  and  toward  the  spillway.  Two  spillbays  would  be  modified  to  each  provide  an  overflow 
spill  of  approximately  170  m3/s  (6,000  cfs)  at  the  surface  of  the  forebay  to  attract  and  safely  pass  the  fish 
directly  to  the  tailrace.  Two  RSW  are  proposed  to  serve  this  function  at  Ice  Harbor,  as  depicted  on  Plate 
4.4.1.  A  typical  RSW  is  shown  on  Plate  4.1.4. 


H:\WP\1346\AppcndiccsVFEIS\E  -  Major  Sys  Imp\CamRdyVAnnexes\Annex  B\AnnexB.doc 

E-B-218 


Appendix  E 


u  (J 
<S8S:£ 


«E2“ 

c.y 


ooooooooooS 

oomoNoooooK 

flb'D*«4IAOOONOlZ 

<t  d  vd  in  th  o  d  in  oo  o  S 
£  ci  »  oo  ^owmmcoo 
c*  oo  m  in  vo  vo  yj  n  K. 
rT  tH  20 


OOo^OOOOOOO 
HHOONOOtNO 
fN  ^  ’“i.^oovo^^Ho 

N  H  Q  H  H  LQ 

^j-  in 
VO 


o  o  © 

NON 
VO  CO  Tf 
IN  d  IN 
H  N  ffi 
IN  IN 


o  o  o  o 

O  CO  O  CO 

vo  cr>  o  m 
IN  id  in  01* 
fN  IN  IN  IN 
't  n  n 


o  o  o 

ONO 

NOO 

oo*  oo  ui* 

tH  In 


ia  eo  o  <t  ^ 

in  m  o  in  is] 

o  o  in  m 

IN  iH  rf  m  k> 

CO  IN  C7V  Cl  JN 

iH  O  00*  01 


-vn- ■*>• -w- -vi- -w* -w- -w- 


SiSSO  E^l 


ssi3 


°  ;tH  ^ 

m: 
m 
m 3> 

M; 


“"MS 
ty  d  fik  P 

iS  ^  I 

"J  M  fc  U 

in-  S  B 
S£gS  s 
ESO,  E 

Wjug  M 

£  s!  S  ^ 

UZ-Mf>  _ 

«u  O  UI  4j  _ 

asagSd 

ISlfct;2 


m  m  ^ 
E  52 
5  MU 

i  f  s 

2- 

^  O  (D  p  w 

S  9- w  E 

!  ^  fD 

®  =  j?  p 
§  1U  CL  ^ 

e  % 

is  8  a 

=  1^1 

o  o  rn  ^3 

qj  ie  Em 

C  _  'jZ  (J 

ills 

|1|S 

S  U  Q  1/1 


£p 

>  s 

> 

_  fU 

o  *o 

£  § 

O  a 

§  oi  <8 
ft  e  T3 
£22- 

V  T3  v — - 
2§?: 
«  e  |< 

i-  o  2  - 
|qu 

5  8  I- 

U  113  ~ 

r  a  ^ 

s  £.0 

is  m  * 
c  >  =  v 

LLS  U  fU  - 

■#j  S  > 
c  Eft- 
i  g  B 

ui§5< 


is  -O  u  * o  ©o  w. 


**  ® 

lis 


3  <’*'  LO  £0 

W'S  §-  = 
j£=S“ 

3  c* 
o^SS 

gSa  Sc 

5  m  0 IS 

X 

Hi 

aj  jd  u 


E-B-219 


f* 

II 

Hi 

Ml 

z  S  E 

<rSJ 

ui  jy 


g  •$ 

5  Id 

>-  >-H 

Il| 

=S  5.3 

M  «  M 

o.  4J  ^ 
Wovo 

Eli 

1  =b 

O  in 

2 
u 

Of  IU 


o£  J 

B  gg 

*85 


e  «  x 
§  S  w 

5.*}  g 

I?  c  i-n 


O  <y  i_ 

2(3W 

Z 

8 


3Q  Account. -.PLAMMIlig  AMD.EMglHEERINQ  13,258,693 

31  AaaunL  --COHSTRUCITOIL  MANAGEMENT  1111111111  $  111111111  7,365,940 

TOTAL  ESTIMATED  COST  OF  CONSTRUCTION  (IN  1998  DOLLARS')  I  579,552,1571 


Appendix  E 


clC3 

g| 


fcg“ 

Q  fcQ 
“  2  hi 

"o 


hi 

O 

CL 

LLI 

CC 

2 

LD 

►— I 

K) 

Q 


U 

2 

8 

i 

in 

2 

1 

2 

m 

z 

8 

|i 

w 

ce 


2  w 
&£ 
is 
W  c 

fig;  g 

%  !*«> 

2  S  2 

E  ' 


E 

1 

I 

I 

5 

I 


IU 

iu  co 
i->  m 

O  (/) 

0£  Ui 

a.  D 


£;5! 
"*  *0 
IU  tu 

ii 


s® 


z  o 

3  U 


'LU  ! 

go  m 

m  c 

JS  O 


Cis 


M*c3 


.co- 

cn 

iu 


E  ^ 
iu  O 


M 

z 

2i  «*» 

</> 

3 

s. 

O0  :00-: 

t 

O  CM 

:tO:i 

;U> 

Z 

Si 

jiif 

:r?:': 

< 

3 

:fsT  r<T; 

U>  :•: 

;bf;: 

O 

o  co 

O  00 

N  <0 

00-  co" 
in  0) 

CO  O) 


co  co 
eo  o 
in  oo 
in  oo" 

T-  S 

in  co 
of  cm" 


O)  00  o 

K*  U5  r 
$  CM  00 

^  CD  to 
3  N  00 

g>  <0  *■ 

^  cm"  T-" 


o 

o 

li 

m 

is?  a? 

<D 

mm- 

:Oi-i 

:>o:k> 

co" 

vx-io 

in 

WCM 

O) 

CO 

:  :  i  CM 

;;5M:Tr. 

o  d> 

11 
:  CO  <0 


(A 

5  c 
£1 

C.2 

O  2 
5  > 

a»5_j 

>«  < 

CD  2 

Qffi  P 


m  CO 


w 

O 

O 
c 
o 

3 

3 

ti 

=  1 


CO 


tss  5 


LU 


iSfc  ■= 

5 

o 


1} 

3 

CO 


CO 

o 

o  o 
D  '-§ 
LU  N 

51 

d  E 

Ei5 
2  1 
o  I 

3  = 

cc  £ 
|_  o 

CO  2 

z 

o 

o 


e 

CL 

TJ 

c 

(0 

T3 

(0 

a> 

€ 


;< 

li 

o  co 

Is 

!§ 

2  O 
ffi  3 
C  OC 

V  I— 

o  co 

z 

8 


h- 

(A 

8 


i 


c  O 

Si  M 

o 

c 
.2 
o 

E 


Wl 


m 


fM 


E-B-220 


a 


Appendix  E 


The  SBC  Type  7  is  similar  to  SBC  Type  4,  except  two  RSWs  are  installed  instead  of  one.  RSWs  would 
be  placed  in  Spillbays  1  and  4.  Two  RSWs  would  provide  twice  as  much  attraction  flow,  increasing  the 
chances  that  fish  would  pass  over  an  RSW  (refer  to  Sections  8.4  and  9.1  for  detailed  information 
concerning  the  RSW).  The  BGS  is  the  same  as  included  for  SBC  Type  3  and  is  described  in  Sections  8.1 
and  8.4. 

SBC  Type  7  includes  replacement  of  the  existing  submerged  travelling  screens  in  the  turbine  intakes  with 
new  ESBS. 

9.4.1  Construction  issues 

Construction  issues  for  SBC  Type  7  are  similar  to  that  for  SBC  Type  4.  The  BGS  and  FLE  are  expected 
to  take  about  3  to  5  months  to  fabricate.  Fabrication  of  two  RSWs  is  expected  to  take  about  8  months, 
assuming  one  fabrication  shop  performs  the  work.  Installation  of  the  RSW,  BGS,  and  FLE  would  take 
about  3  months.  Fabrication  and  installation  of  the  ESBS  system  should  take  7  to  8  months. 

9.4.2  Construction  and  O&M  Costs 

Total  estimated  cost  of  engineering  design  and  construction  for  the  Type  7  SBC  at  Ice  Harbor  is 
$85,400,000  in  1998  dollars.  A  cost  breakdown  is  presented  in  spreadsheet  format  on  the  following  two 
pages.  Annual  O&M  costs  are  estimated  to  be  $139,000. 

9.5  Combination  Summary 

9.5.1  Combined  Construction  Issues 

Construction  of  the  combined  system  at  the  four  projects  involves  the  same  issues  and  offers  the  same 
construction  and  contracting  efficiency  possibilities  as  were  identified  in  Sections  5.5.1  and  7.5.1. 

9.5.2  Summary  Construction  and  O&M  Costs 

The  total  combined  estimated  engineering  design  and  construction  cost  for  the  System  Combination  3A 
design  is  $300,400,000  in  1998  dollars.  Additional  costs  will  likely  be  incurred  if  prototyping  and/or 
major  hydraulic  modeling  efforts  of  system  components  are  deemed  to  be  required,  as  is  discussed  in 
Section  4.2.  Some  savings  in  cost  may  be  experienced  due  to  efficiency  of  repetitive  design  and 
construction,  as  discussed  in  Section  9.5,1;  however,  this  potential  savings  has  not  been  estimated  as  part 
of  this  report.  A  summary  of  the  estimated  costs  by  project  is  shown  below. 

Estimated  Engineering  Design  and  Construction  Cost  -  System  Combination  3A 

Estimated 


Project 

Description 

Construction 

Lower  Granite 

Type  5  SBC  (with  existing  ESBS) 

$76,300,000 

Little  Goose 

Type  6  SBC  (with  existing  ESBS) 

$42,100,000 

Lower  Monumental 

Type  5  SBC 

$79,600,000 

Lower  Monumental 

New  ESBS 

$16,100,000 

Ice  Harbor 

Type  7  SBC 

$69,300,000 

Ice  Harbor 

New  ESBS 

$16,100,000 

System  Combination  Subtotal 

$299,400,000 

Feasibility  Studies 

$1,000,000 

Total  Estimated  Construction  Cost 

$300,400,000 
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The  total  annual  O&M  costs  for  System  Combination  3  are  estimated  to  be  $693,000  in  1998  dollars. 
These  O&M  costs  do  not  include  costs  associated  with  O&M  of  the  ESBS  intake  diversion  systems, 
existing  juvenile  fish  facilities,  or  transportation  costs.  Biological  study  costs  are  also  not  included.  A 
summary  of  the  O&M  costs  by  project  is  shown  below. 


Estimated  O&M  Cost  -  System  Combination  3A 

Project  Description  Estimated  O&M  Cost 


Lower  Granite 

Type  5  SBC  (with  existing  ESBS) 

$260,000 

Little  Goose 

Type  6  SBC  (with  existing  ESBS) 

$34,000 

Lower  Monumental 

Type  5  SBC  (with  new  ESBS) 

$260,000 

Ice  Harbor 

Type  7  SBC  (with  new  ESBS) 

$139,000 

Total  Estimated  Annual  O&M  Cost 

$693,000 

9.5.3  Implementation  Schedule 

An  implementation  schedule  is  included  below,  and  the  assumptions  and  rationale  used  for  development 
of  the  implementation  schedule  is  also  provided.  The  implementation  schedule  includes  time  for 
hydraulic  model  testing  as  appropriate,  data  gathering  from  prototype  structures,  preparation  of 
construction  contract  documents,  and  construction.  The  implementation  schedule  is  an  optimistic 
schedule  because  it  assumes  no  funding  or  manpower  constraints.  It  assumes  a  large  and  uninterrupted 
commitment  to  complete  all  work  so  System  Combination  3A  can  be  operational  as  soon  as  reasonably 
possible.  Any  policy  causing  deviation  from  this  commitment  would  likely  affect  the  schedule  included 
herein. 


Lower  Granite  Dam 

Behavioral  Guidance  Structure  Gap  Testing 

It  is  important  to  keep  juvenile  fish  from  swimming  downstream  of  the  BGS,  and  it  also  is  critical  to 
ensure  adult  fish  can  swim  upstream  of  the  BGS.  To  achieve  this,  it  is  assumed  in  this  study  the  BGS 
would  extend  to  the  shore  to  block  passage  of  juvenile  fish  while  a  FLE  would  be  installed  to  pass  adult 
fish.  However,  it  may  be  possible  that  a  gap  between  the  BGS  and  shore  may  be  developed  to  allow 
efficient  adult  fish  passage  and  would  preclude  juvenile  fish  passage  downstream  of  the  BGS;  this  would 
eliminate  the  need  for  the  FLE.  However,  testing  of  the  prototype  BGS  at  Lower  Granite  is  required  to 
verily  this.  Development  of  a  construction  contract  to  provide  for  testing  of  the  BGS  gap  would  be 
scheduled  for  the  year  2002.  Construction  would  take  place  in  2003  with  testing  in  2004. 

Removable  Spillway  Weir  Testing 

The  RSW  is  scheduled  to  be  installed  at  Lower  Granite  in  Spring  2001.  Hydraulic  model  testing  of  the 
RSW  is  required  to  determine  the  optimum  ogee  shape.  It  is  anticipated  model  testing  would  take  about  2 
years  and  would  be  complete  at  the  end  of  the  juvenile  fish  migration  season  in  2002. 
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Surface  Bypass  Collector  Dewatering  Testing 

Hydraulic  model  testing  of  various  surface  collector  dewatering  methods  would  be  scheduled  for  the  year 
2002.  This  testing  would  lead  to  the  development  of  a  prototype  surface  collector  with  dewatering.  The 
SBC  structure  at  Lower  Granite  spans  the  width  of  Generator  Units  5  and  6.  Because  a  prototype  SBC 
structure  would  be  approximately  the  same  size  as  a  permanent  SBC  structure,  it  is  assumed  the  prototype 
test  structure  would  be  used  for  the  final  structure  following  the  completion  of  testing.  Design  of  the 
prototype  and  a  SES  to  pass  screened  flow  would  be  scheduled  for  2003  with  construction  in  2004  and 
2005.  Testing  would  take  place  in  2006. 

Final  Design  and  Construction 

Plans  and  specifications  would  be  developed  in  2007  and  2008  for  the  completion  of  the  SBC  Type  5  at 
Lower  Granite.  Specific  items  include  moving  the  existing  RSW,  installation  of  a  second  RSW, 
construction  of  a  permanent  BGS,  construction  of  a  FLE  (if  necessary),  and  modification  of  the  prototype 
surface  collector  (if  necessary).  The  narrow  3  month  in-water  work  window  significantly  affects  the 
schedule;  however,  because  each  work  item  is  mostly  independent  of  other  work  items,  it  is  anticipated 
fabrication  and  construction  can  be  completed  in  one  year.  Fabrication  would  occur  in  2009  with 
installation  during  the  in-water  work  window  scheduled  for  2010. 


Little  Goose  Dam 

Occlusion  Structure  Model  Testing 

Model  testing  of  an  occlusion  structure  is  required  to  ensure  the  concept  is  feasible.  The  forebay  would 
have  to  be  modeled  to  check  the  effects  of  the  combined  flow  patterns  from  the  powerhouse  and  RSW. 
This  testing  would  take  place  in  2002. 

RSW  Model  Testing 

Information  from  the  prototype  RSW  testing  at  Lower  Granite  would  be  used  to  develop  an  RSW  design 
for  Little  Goose.  Model  testing  of  various  ogee  shapes  to  verify  the  optimum  design  would  be  scheduled 
for  2003. 

Final  Design  and  Construction 

Development  of  plans  and  specifications  for  two  RSWs  and  occlusion  structure  would  take  place  in  2003 
and  2004,  with  fabrication  in  2005  and  installation  during  the  in-water  work  window  in  2006. 


Lower  Monumental  Dam 

Like  Little  Goose,  construction  of  the  proposed  improvements  at  Lower  Monumental  would  not  start  until 
all  lessons  learned  from  data  gathering  at  Lower  Granite  are  complete.  This  is  important  because  the 
improvements  proposed  for  Lower  Monumental  are  similar  to  those  for  Lower  Granite. 

Hydraulic  Modeling 

Information  gathered  from  all  BGS  testing  at  Lower  Granite,  including  BGS  gap  testing,  would  be  used 
for  design  of  BGSs  at  Lower  Monumental;  no  additional  BGS  modeling  is  anticipated. 
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The  information  gathered  from  the  RSW  testing  at  Lower  Granite  will  be  used  to  determine  potential  ogee 
shapes  for  RSWs  at  Lower  Monumental.  Model  testing  would  be  performed  to  verify  the  design 
concurrently  with  the  RSW  modeling  for  Little  Goose  in  2003. 

Final  Design  and  Construction 

As  described  above,  development  of  plans  and  specifications  for  the  SBC  Type  5  would  occur  at  the  same 
time  as  for  Lower  Granite  in  2007  and  2008.  Fabrication  would  be  scheduled  for  2009  with  installation 
during  the  in-water  work  window  scheduled  for  2010. 

Ice  Harbor  Dam 

Hydraulic  Modeling 

Because  the  spillway  crest  would  have  RSWs,  hydraulic  model  testing  of  RSW  ogee  shapes  would  be 
required.  It  is  worth  noting  the  spillway  at  Ice  Harbor  is  significantly  different  than  the  spillways  at  the 
other  three  lower  Snake  River  dams.  The  information  gathered  from  the  RSW  testing  at  Lower  Granite 
would  be  used  to  determine  potential  ogee  shapes  for  RSWs  at  Ice  Harbor.  Model  testing  would  be 
performed  to  verify  the  design  concurrently  with  the  RSW  modeling  for  Little  Goose  and  Lower 
Monumental  in  2003. 

As  is  true  for  Lower  Monumental,  information  learned  from  the  BGS  testing  at  Lower  Granite  would  be 
used  for  the  final  design  of  a  BGS  for  Ice  Harbor;  therefore,  no  additional  BGS  hydraulic  modeling  is 
anticipated. 

Final  Design  and  Construction 

Plans  and  specifications  for  the  RSW,  BGS,  and  FLE  (if  needed)  would  be  scheduled  for  2004  and  2005. 
Fabrication  of  the  RSW  would  then  take  place  in  2006,  with  installation  completed  during  the  2007  in¬ 
water  work  window. 

9.6  System  Combination  3A  Drawings 

Drawings  depicting  the  SBC  designs  which  form  System  Combination  3A  are  included  on  the  following 
pages.  These  drawings  include: 

SBC  Type  5  -  Lower  Granite 
Plate  4.1.1  -  SBC  Type  5  -  Site  Plan 
Plate  4.1.2-  SBC  Type  5  -  Surface  Collector  -  Plan 
Plate  4.1.3  -  SBC  Type  5  -  Sections  and  Elevation 

Plate  4.1.4  -  SBC  Type  5  -  Removable  Spillway  Weir  (RSW)  -  Plan  and  Section 

SBC  Type  6  -  Little  Goose 
Plate  4.2. 1  -  SBC  Type  6  -  Site  Plan 
Plate  4.2.2  -  SBC  Type  6  -  Occlusion  Structure  -  Section 

SBC  Type  5  -  Lower  Monumental 

Plate  4.3.1  -  SBC  Type  5  -  Site  Plan 

Plate  4.3.2  -  SBC  Type  5  -  Surface  Collector  -  Plan 

SBC  Type  7  -  Ice  Harbor 
Plate  4.4. 1  -  SBC  Type  7  -  Site  Plan 
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ATTACHMENT  A 

Central  Non-Overflow  SBC  Channel  Discharge 

Alternative 

I)  SCOPE 

Evaluate  an  alternate  layout  for  SBC  channel  discharge  flow  routing  at  the  central  non-overflow 
section  at  Lower  Granite  Dam  for  SBC  Types  2  and  3  in  lieu  of  the  Spillbay  1  discharge  location 
depicted  in  the  report.  The  objective  is  to  provide  a  back-up  discharge  location  design  if  a 
reduction  in  hydraulic  capacity  of  the  spillway  inherent  in  the  Spillbay  1  discharge  location  is  not 
acceptable. 

Also  generate  a  conceptual  level  cost  estimate  to  compare  the  cost  of  this  alternate  location  to  the 
one  presented  in  the  report. 

II)  ASSUMPTIONS 

The  design  flow  to  be  routed  through  will  be  about  169.9  m3/s  (6,000  cfs)  at  minimum  operating 
forebay  elevation  for  the  Type  2  SBC  and  about  56.6  m3/s  (2,000  cfs)  for  the  Type  3  SBC. 
Discharge  may  increase  at  higher  forebay  elevations. 

For  SBC  Type  2,  the  section  of  the  fingerling  bypass  gallery  in  the  central  non-overflow  section 
will  not  be  used  or  needed  to  be  maintained  where  channel  routing  would  interfere  with  it.  The 
main  portion  of  the  gallery,  which  passes  through  the  powerhouse,  will  remain  operational.  For 
the  Type  3  SBC  designs,  a  small  section  of  the  gallery  south  of  the  penetration  in  the  non¬ 
overflow  section  should  remain  operational  (including  the  rest  of  the  gallery  in  the  intake 
monoliths),  and  the  fish  transport  flow  from  the  SBC  would  enter  the  gallery  at  this  location. 

The  overflow  weir  at  the  north  end  of  the  gallery  will  not  need  to  be  maintained. 

The  elevator  shaft  may  or  may  not  need  to  be  maintained.  Review  options  for  keeping  the 
elevator  shaft. 

Impact  to  the  structure  should  be  minimized  if  possible.  The  amount  of  concrete  to  be  removed 
should  be  minimized. 

The  erosion  issues  associated  with  the  central  non-overflow  section  spillway  chute  discharge  will 
be  considered  in  the  detailed  design  and  siting  of  the  chute. 

Costs  for  restoring  functionality  of  structures  or  equipment  affected  by  routing  configurations  will 
not  be  included  in  the  cost  estimate  due  to  uncertainties  of  actual  effect  or  if  work-around  plans 
could  be  developed  to  reduce  effects  resulting  in  minor  cost  impacts. 
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III)  REVIEW 

Review  of  the  sectional  plan  view  of  the  upper  portion  of  the  central  non-overflow  suggests  three 
primary  options  for  routing  of  a  passageway.  The  following  discussion  is  relevant  to  the  Type  2 
SBC  discharge  at  Lower  Granite  only,  but  is  similar  for  the  other  projects  and  for  the  Type  3  SBC 
designs. 

1.  Option  1  would  be  the  widest  option  feasible  in  the  available  space.  It  would  be  10.4 
meters  (34  feet)  wide  and  extend  from  the  construction  joint  at  station  32+27  northward 
to  the  spillway  pier  (south  side  of  Spillway  1).  The  4.3-meter  (14-foot)-width  of  the  pier 
would  not  be  reduced  for  stability  reasons  and  to  avoid  any  interference  potential  with  the 
trunnion  anchorage.  This  option  would  preclude  any  continued  use  of  the  existing 
elevator. 

2.  Option  2  would  try  to  preserve  the  elevator  shaft  so  that  some  type  of  elevator  could  be 
provided  for  access.  The  maximum  width  that  could  be  provided  with  this  option  would 
be  about  6.1  meters  (20  feet)  and  would  extend  from  the  construction  joint  at  station 
32+27  northward  for  6.1  meters  (20  feet). 

With  both  of  the  above  options,  the  waterstop  and  sealing  arrangements  along  the  construction 
joint  would  be  compromised,  so  a  third  option  was  considered. 

3.  Option  3  would  leave  about  1.2  meter  (4  feet)  of  wall  at  the  construction  joint  and  reduce 
the  width  of  the  option  2  opening  to  about  4.9  meters  (16  feet).  This  would  maintain  the 
elevator  shaft  and  the  waterstop  and  sealing  arrangement  at  the  construction  joint.  It 
would  further  provide  a  structural  support  for  the  remaining  deck  portion  above  the 
passageway. 

All  of  the  options  presented  will  interrupt  the  drainage  gallery  shaft. 

All  of  the  options  will  interrupt  the  service  gallery  and  fingerling  bypass  gallery. 

TV)  CONCLUSION 

The  Option  3  routing  provides  the  least  concrete  area  to  be  removed  and  causes  the  least 
disruption  of  existing  facilities  and  equipment.  It  is,  therefore,  the  preferred  option. 
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V)  COMMENTS 

(Note:  Comments  are  relative  to  the  Type  2  SBC  design  at  Lower  Granite.  Similar  issues  exist  at 
the  other  projects  and  for  the  Type  3  SBC  designs.) 

The  discharge  chute  located  on  the  downstream  side  of  the  central  non-overflow  section  will  have 
a  number  of  effects  on  the  fish  facilities  located  underneath  the  tailrace  deck. 

The  structure  wall  obstruct  access  to  the  fishway  transverse  bulkhead.  This  bulkhead  will  need  to 
be  relocated  to  the  south  to  maintain  its  function, 

A  number  of  other  fishway  gates  will  also  be  affected  depending  on  the  amount  of  overhead 
space  required  for  access  and  maintenance. 

The  crane  rails  at  the  north  end  will  no  longer  be  accessible  because  the  structure  will  block 
access. 

The  flip  lip  elevation  at  the  bottom  of  the  chute  is  set  at  the  same  elevation  as  the  rest  of  the 
spillway  flip  lips. 

The  tailrace  at  the  proposed  discharge  point  is  approximately  19.2  meters  (63  feet)  deep  at  normal 
tailwater  (elevation  194.5  meters  [638  feet]).  Erosional  issues  are  considered  to  be  minimal  due 
to  the  considerable  depth  at  this  location;  this  would  be  investigated  during  final  design. 

The  discharge  chute  has  been  routed  straight  through  the  non-overflow  section  and  not  turned  left 
or  right.  The  current  position  allows  either  the  spillway  or  powerhouse  unit  to  be  used  for 
training  flow  if  desired. 

VI)  CONCEPTUAL  LEVEL  LAYOUT  SKETCHES 

Layout  sketches  for  a  central  non-overflow  routing  at  Lower  Granite  for  SBC  Types  2  and  3  are 
shown  on  the  following  two  pages  (Plates  1  through  4). 

VI)  CONCEPTUAL  LEVEL  COST  ESTIMATES 

Cost  estimates  for  a  central  non-overflow  routing  at  Lower  Granite  for  SBC  Types  2  and  3  are 
provided  following  the  layout  sketches  (Plates  1  through  4).  Note  that  these  estimates  do  not 
provide  costs  for  restoring  functionality  of  various  structures  or  equipment  that  may  be  affected 
by  routing.  This  would  include  crane  blockage,  fishway  gate  access  issues,  etc. 
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LOWER  GRANITE  DISCHARGE  CHUTE  THROUGH  CENTRAL  NON-OVERFLOW  SECTION 


Initial  Energy 
Invert  Elevation 
,  Channel  Width 
Weir  Coefficient 
Weir  Width 
US  Slope 
DS  Slope 
Mannings  n 
Tailwater  Efev 
Depth  Step 


Flow  8341.533  ds 

QAYidth  521.3458  efsffi 
Critical  D  20.3S098  ft 
Critical  V  25.60515  fps 
Eat  Critical  736.5415 
Rat  Critical  5.74  ft 
Sat  Critical  0.004852 
L  to  Initial  E  106.561  ft 

Note:  Initial  energy  assumes  Maximum  Fool  6  738 
with  1.2  ft  loss  In  channel. 


Location 

Critical 


Invert 

706.00 

Depth 
.  20.36 

Velocity 

25.61 

Vet.  Head 
10.18 

Energy 

73624 

Hvd.  Radius 
5.74 

Energy,? 

0.004852 

Avg,  S 

Length 

Total  Lenoth 

0 

705.92 

19.36 

26.93 

1126 

736.54 

5.66 

0.005471 

0.005182 

021 

021 

705.66 

18.36 

28.39 

12.52 

736.54 

5.57 

0,006213 

0.005842 

0.69 

0.90 

705.16 

17.36 

30.03 

14.00 

736.53 

5.48 

0.007111 

0,006662 

128 

2.18 

704.38 

16,36 

31.87 

15.77 

736.51 

5.37 

0.008214 

0.007663 

2,03 

421 

703.24 

15.36 

33.94 

17.89 

736.49 

526 

0.009585 

0.008899 

2.99 

720 

701.62 

14.36 

36.30 

20.46 

736.44 

5.14 

0.011316 

0.010450 

423 

11.42 

699.37 

13.36 

39.02 

23.64 

73627 

5.00 

0.013542 

0.012429 

5.86 

1729 

69626 

12.36 

42.18 

27.62 

73625 

426 

0.016464 

0.015003 

8.08 

2526 

691.98 

11.36 

45.89 

32.70 

736.04 

4.69 

0.020394 

0.018429 

11.16 

36.52 

686.01 

10.36 

50.32 

39.32 

735.68 

4.51 

0.025833 

0.023113 

15,57 

52.09 

67720 

926 

55.69 

48.16 

735.02 

421 

0.033626 

0.029729 

22.16 

7426 

665.00 

8.36 

62.35 

60.37 

733.74 

4.09 

0.045276 

0.039451 

32.55 

106.81 

645.75 

726 

70.83 

77.89 

731.01 

3.83 

0.063643 

0.054460 

50.15 

156.96 

73.80 

84.58 

729,65 

3.75 

0.071132 

0,067388 

20.19 

177.15 

Maximum  Pool  (min.  depth  =  7.06  ft) 


o  50  100  iso  200  250 
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ANNEX  C 

DISSOLVED  GAS  ABATEMENT  STUDY 


[Note:  This  is  a  draft  version  of  the  Dissolved  Gas  Abatement  Study.  The  final  version  has  not 

yet  been  released  at  the  time  of  this  printing.] 

[This  annex  contains  a  report  prepared  for  other  purposes  and  includes  word  tenses  that  are 
outdated  for  this  FR/EIS.  This  report  is  incorporated  into  Appendix  E  simply  because  of 

its  applicability.] 
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1.  Introduction 

1.1  General 

The  Columbia  River  Fish  Mitigation  Program  (CRFMP)  is  a  program  of  measures  aimed  at 
improving  the  survival  of  anadromous  fish  in  the  lower  Snake  and  Columbia  river  system. 
Investigative  studies,  to  improve  passage  and  resulting  survival  of  juvenile  and  adult  fish,  within  the 
CRFMP  include:  1)  Dissolved  Gas  Abatement  Study  (DGAS);  2)  reservoir  drawdown;  3)  surface 
collection  and  bypass  (SCB);  4)  improvements  to  existing  juvenile  fish  bypass  systems;  5)  juvenile 
fish  transportation;  6)  turbine  improvements  to  reduce  turbine  induced  mortality;  and  7)  others. 

The  DGAS  was  initiated  in  1994  to  examine  potential  methods  for  reduction  of  TDG  produced  by 
spillway  operations  on  the  Corps’  eight  dams  on  the  lower  Snake  and  Columbia  rivers.  (Note:  The 
final  version  of  the  Dissolved  Gas  Abatement  Study  has  not  yet  been  released  at  the  tune  of  this 
printing.)  The  study  was  also  called  for  by  the  National  Marine  Fisheries  Service  (NMFS) 
Biological  Opinion  on  Operation  of  the  Federal  Columbia  River  Power  System  (1995).  NMFS 
prescribed  two  reasonable  and  prudent  measures  (RPA  16  and  IS)  that  directed  the  Corps’  to  address 
means  to  measure,  evaluate,  and  prescribe  alternatives  to  reduce  Total  Dissolved  Gas  (TDG)  at 
Lower  Snake  and  Columbia  river  projects. 

1.2  Authorization 

This  study  is  an  element  of  the  CRFMP  and  is  being  conducted  under  the  existing  authorities  for  the 
eight  Corps  projects  on  the  lower  Columbia  and  lower  Snake  Rivers.  For  Bonneville  Dam,  that 
authority  is  the  Rivers  and  Harbors  Act  of  1935,  Public  Law  74-409,  dated  August  30, 1935.  For 
John  Day  and  The  Dalles  Dams,  the  authority  is  the  Rivers  and  Harbors  Act  of  1950,  Public  Law  81- 
516,  dated  May  17, 1950.  The  authority  for  McNary,  Ice  Harbor,  Lower  Monumental,  Little  Goose, 
and  Lower  Granite  is  the  Rivers  and  Harbors  Act  of  1945,  Public  Law  79-14,  dated  March  2,  1945. 

1.3  Scope 

This  document  provides  information  about  the  DGAS  as  it  relates  to  the  Major  Systems 
Improvement  Alternative  within  the  Lower  Snake  River  Feasibility  Study.  While  the  DGAS 
addresses  the  eight  Corps  dams  on  the  lower  Snake  and  Columbia  rivers,  this  document  presents 
engineering  information  about  some  possible  alternative  measures  which  could  be  used  to  reduce 
total  dissolved  gas  production  at  each  of  the  lower  Snake  River  dams. 

This  information  is  an  excerpt  from  the  draft  final  report,  Phase  II  of  the  DGAS.  Only  portions  of 
this  part  of  report  are  presented  here.  Evaluations  of  fish  passage  cost  or  benefits  are  not  presented 
since  they  remain  incomplete  in  the  DGAS.  However,  potential  risks  are  subjectively  identified  in 
discussions  of  individual  alternatives. 

The  overall  DGAS  reports  will  include  other  information  such  as:  1)  TDG  field  research;  2)  biological 
research;  3)  the  development  of  the  numerical  models;  and,  4)  associated  system-wide  evaluations. 
These  tasks  are  summarized  in  the  following  paragraphs  for  information  purposes  only. 
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1.4  TDG  Research 

This  portion  of  the  DGAS  identifies  and  describes  the  physical  field  data  gathered  during  the  study. 
This  critical  information  was  used:  a)  to  further  the  understanding  of  the  TDG  performance  of 
existing  structures;  b)  to  identify  additional  structural  alternatives;  c)  to  provide  information  for 
estimating  the  gas  performance  of  proposed  structures;  and,  d)  to  provide  calibration  and  verification 
data  sets  for  development  of  the  ID  and  2D  numerical  flow  models. 

1.5  Biological  Research 

This  portion  of  the  DGAS  presents  information  gathered  from  biological  field  and  laboratory  studies. 
This  information  was  developed  to  allow  understanding  and  evaluation  of  the  complex  relationships 
between  TDG  and  risk  to  salmonids.  This  part  of  the  study  was  originally  intended  to  develop 
enough  information,  such  as  mortality  coefficients  and  fish  distribution  simulations,  for  the 
numerical  model. 

1.6  Numerical  Models 

This  report  describes  and  documents  the  development  of  the  numerical  models.  These  models  were 
developed  as  decision  tools  to  assist  in  the  selection  of  the  combination  of  system-wide  structural 
alternatives  which  will  provide  the  highest  or  optimum  system-wide  biological  benefits.  The  models 
were  also  used  to  provide  information  about  the  order  of  implementation  of  the  selected  alternatives. 

1.7  System-wide  Analysis 

This  report  documents  the  results  of  the  system-wide  analysis  of  the  proposed  gas  abatement 
alternatives.  The  analysis  presents  the  estimated  effects  of  a  variety  of  system-wide  alternatives  in 
terms  of  TDG  reductions. 

Decisions  about  which  alternative  gas  abatement  measure  should  be  implemented  at  a  particular  dam 
must  be  made  through  a  system-wide  analysis  of  alternatives  while  factoring  in  biological 
consequences. 
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2.  Design  Criteria 

2.1  General 

Discharge  through  the  spillways  of  the  four  lower  Snake  River  dams  often  results  in  high  levels  of 
TDG  saturation.  Water  discharged  through  the  spillways  entrains  air  bubbles  while  plunging  into  the 
stilling  basin  (refer  to  Figure  2-1),  Hydrostatic  pressure  due  to  water  depth  in  the  stilling  basin 
forces  air  bubbles  into  solution,  thus  raising  total  dissolved  gas  pressures  within  the  water. 


Figure  2-1.  Cross  Sectional  View  of  a  Typical  Spillway 


Based  on  the  laws  of  physics  and  chemistry,  there  are  three  basic  ways  to  reduce  the  supersaturation. 

The  gas  abatement  alternatives  must  achieve  one  or  more  of  the  following: 

•  Reduce  or  eliminate  the  volume  of  air  being  entrained.  This  can  be  achieved  by  submerging 
the  discharge  so  there  is  no  contact  with  air  during  the  water’s  passage  from  the  forebay  to 
the  tailrace. 

•  Reduce  or  eliminate  the  hydrostatic  pressure  acting  on  the  entrained  air.  This  can  be 
achieved  by  reducing  the  plunge  depth  of  the  water.  The  hydrostatic  pressure  is  directly 
proportional  to  the  depth  of  water.  With  reduced  depth,  the  hydrostatic  pressure  and  the 
transfer  of  air  into  solution  are  both  reduced. 

•  Reduce  the  exposure  time  of  entrained  air  to  high  pressures.  Field  tests  indicate  that 
supersaturation  occurs  almost  instantaneously  at  the  existing  spillways.  Therefore,  exposure 
time  most  likely  cannot  be  reduced  to  the  degree  required  for  reducing  supersaturation. 
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2.2  Design  Criteria 

The  gas  abatement  alternatives  must  meet  the  following  criteria. 

•  The  alternative  must  reduce  TDG  supersaturation  for  a  significant  range  of  discharge.  The 
original  goal  was  to  reduce  supersaturation  to  1 1 0  percent  or  less  for  total  river  flows  up  to 
the  10-year,  7-day  event  (230,000  cfs  for  the  Lower  Snake  River  and  498,000  cfs  for  the 
Lower  Columbia  River).  However,  after  investigating  structural  and  operational 
alternatives,  the  original  goal  was  found  to  be  unattainable  for  the  large  design  flows. 
Therefore,  the  study  plan  was  changed  to  include  all  alternatives  that  provide  total  dissolved 
gas  reduction  benefits,  even  though  they  may  not  meet  110  percent. 

•  The  alternative  must  allow  adequate  energy  dissipation  of  the  spillway  design  discharge. 
Without  adequate  energy  dissipation,  downstream  channel  erosion  could  compromise  the 
structural  integrity  of  the  dam  and  create  significant  safety  risks. 

•  The  alternative  must  provide  safe  fish  passage  with  high  survival.  Recommended  gas 
abatement  alternatives  should  not  reduce  gas  supersaturation  at  the  expense  of  safe  fish 
passage. 

•  The  alternative  must  be  reasonable  to  construct,  operate,  and  maintain.  The  Coips  will  not 
recommend  gas  abatement  alternatives  that  cannot  be  reasonably  and  safely  constructed, 
operated,  and  maintained. 

2.3  Target  Design  Discharge 

The  states  of  Oregon  and  Washington  have  adopted  similar  standards  for  total  dissolved  gas 
concentrations.  The  standards  state  that  the  concentration  of  total  dissolved  gas  relative  to 
atmospheric  pressure  at  the  point  of  sample  collection  shall  not  exceed  1 1 0  percent  of  saturation, 
except  when  stream  flow  exceeds  the  10-year,  7-day  average  flood  discharge.  During  very  large 
natural  runoff  events,  the  resulting  high  river  flows  make  it  impossible  for  dam  operators  to  abate 
dissolved  gas.  Both  Oregon  and  Washington’s  water  quality  standards  exempt  these  occurrences, 
since  they  are  of  natural  origin  and  occur  relatively  infrequently.  The  typical  criterion  for  expressing 
the  water  quality  standard  exemption  is  called  the  7Q10,  which  is  the  average  peak  annual  flow  for 
7  consecutive  days  that  has  a  recurrence  interval  of  10  years.  Historical,  average  daily  flow  data 
from  water  year  1974  to  the  present  are  recommended  for  use  in  developing  the  statistical 
information  to  derive  the  7Q10  discharge  for  each  project. 

Table  2-2  shows  the  target  design  discharges  for  development  of  structural  alternatives  with  the  goal 
of  achieving  state  and  Federal  water  quality  standards  as  measured  at  the  tailrace  fms. 
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Table  2-2.  Target  Design  Discharges 


Project 

10  year  -  7  Day 
Discharge 
(cfs) 

(1) 

Powerhouse 

Hydraulic 

Capacity 

(cfs) 

(2) 

Spill  Capacity  to 
110% 

(cfs) 

(3) 

Additional 
Required  Capacity 
(cfs) 

(4) 

Lower  Granite 

230,000 

108,000 

24,000 

98,000 

Little  Goose 

230,000 

108,000 

102,000 

230,000 

102,000 

Ice  Harbor 

230,000 

88,000 

30,000 

112,000 

McNary 

480,000 

215,000 

56,000 

209,000 

John  Day 

498,000 

310,000 

60,000 

128,000 

The  Dalles 

498,000 

290,000 

23,000 

185,000 

Bonneville 

498,000 

305,000 

44,000 

149,000 

Note:  All  figures  have  been  rounded  to  the  nearest  1,000  cfs. 


Column  (1)  Statistical  analysis  of  historical  discharge  data. 

Column  (2)  Powerhouse  hydraulic  capacity  assumes  that  units  are  operating  at  highest  hydraulic 
capacity  within  1  percent  of  peak  efficiency  for  fish  passage  and  that  one  unit  is  out  of  service  on 
Snake  River  Projects  and  two  units  out  of  service  on  Columbia  River  Projects. 

Column  (3)  identifies  the  amount  of  water  that  can  be  passed  over  the  existing  spillways  without 
exceeding  110  percent  total  dissolved  gas  at  the  tailrace  fixed  monitoring  station.  This  spill  volume 
assumes  incoming  forebay  TDG  is  1 10  percent  or  less  and  is  based  on  current  existing  conditions 
which  is  about  3  kefs  per  deflected  spillbay  and  1  kefs  per  non-deflected  bay.  This  number  will 
change  as  additional  deflectors  are  added  to  existing  spillways. 

Column  (4)  is  the  additional  required  water  which  must  be  passed  by  the  project  in  some  manner  so 
as  to  not  exceed  the  110  percent  TDG  value  as  recorded  at  the  tailrace  fixed  monitoring  station. 
Column  (4)  is  calculated  as  (4)=  (1 )  -  (2)  -  (3). 

The  design  discharges  from  column  4  are  conservative  values  which  could  be  used  as  target  flow  for 
design  of  new  structures. 

2.4  Alternatives 

The  following  potential  gas  abatement  alternatives  have  been  identified. 

•  Additional/modified  spillway  flow  deflectors 

•  Raised  negative-stepped  stilling  basin 

•  Raised  tailrace  channel  and  deflectors 

•  Baffled  chute  spillway 
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•  Side-channel  spillway 

•  Pool  and  weir  channel 

•  Additional  spillway  bays 

•  Submerged  conduit  with  deflectors 

•  Powerhouse/Spillway  separation  wall 

•  Submerged  spillway  gates 

The  alternatives  can  be  grouped  into  two  categories:  1)  category  one,  and;  2)  category  two. 

Category  one  alternatives  are  those  with  potential  to  reduce  the  production  of  gas  saturation  due  to 
spillway  operations  but  alone  are  not  likely  to  achieve  the  current  state  and  federal  TDG  water 
quality  standards.  The  category  one  alternatives  include:  1)  additional/modified  spillway  flow 
deflectors;  2)  raised  (negative-stepped)  stilling  basin;  3)  raised  tailrace  channel;  4)  additional 
spillway  bays;  and  5)  powerhouse/spillway  flow  separation  wall.  These  alternatives  are  described  in 
more  detail  in  the  following  Section  3.0. 

Category  two  alternatives  have  the  potential  to  meet  the  state  and  Federal  water  quality  standards. 
They  include:  1)  submerged  conduits;  2)  baffled  chute  spillways;  3)  side  channel  spillways;  4)  pool 
and  weir  spillways;  and  5)  submerged  spillway  gates.  These  alternatives  are  described  in  more  detail 
in  Section  4.0. 
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3.  Category  One  Alternatives 

This  section  describes  those  alternatives  with  potential  to  reduce  the  production  of  gas  saturation  due 
to  spillway  operations  but  alone  are  not  likely  to  achieve  the  State  and  Federal  water  quality 
standards. 

3.1  Additional/Modified  Deflectors 

3.1.1  Genera! 

Spillway  flow  deflectors  have  been  installed  at  seven  of  the  eight  lower  Snake  and  Columbia  river 
dams.  Deflectors  consist  of  a  horizontal  concrete  lip  8  to  12.5  feet  long  placed  on  the  spillwav  face 
just  below  or  near  the  minimum  tail  water  elevation  (Figure  3-1),  They  are  designed  to  force  the 
spill  flow  to  skim  over  the  water  surface  of  the  stilling  basin  limiting  the  plunge  depth  of  the  aerated 
flow.  Deflectors  are  very  effective  and  have  reduced  the  saturation  of  spill  discharges  by  as  much  as 
15  to  25  percent  TDG  over  a  wide  range  of  voluntary  spill  rates. 


Figure  3-1.  Conventional  Spillway  with  Deflectors 


In  the  1970s  deflectors  were  added  to  Lower  Granite,  Little  Goose,  Lower  Monumental.  McNary. 
and  Bonneville  spillways  and  in  most  cases  were  left  off  the  outside  spillbays  because  of  concerns 
that  deep  spill  is  required  next  to  fish  ladders  to  help  direct  adult  migrants  to  the  ladders.  As  part  of 
the  DGAS,  deflectors  were  modeled,  designed,  and  constructed  on  the  John  Day  and  Ice  Harbor 
spillways.  These  deflectors  were  designed  and  optimized  for  a  spill  discharge  between  6,000  and 
14,000  cfs  per  bay. 

Deflectors  in  the  outside  spillway  bays,  adjacent  the  adult  fishway  channel  entrances,  were  believed 
to  potentially  create  flow  conditions  that  would  hinder  adult  migrants  from  finding  ladder  entrances. 
Evaluations  of  adult  fish  passage  were  conducted  at  Little  Goose  and  Lower  Monumental  Dams. 
The  study  was  designed  to  determine  if  adult  passage  through  entrances  adjacent  the  spillway  was 
influenced  by  hydraulic  conditions  considered  by  fish  managers  to  be  unfavorable.  The  study 
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evaluated  passage  with  spillway  flows  distributed  according  to  the  adult  fish  passage  patterns  (those 
developed  in  the  1970s)  and  passage  with  spillway  flows  distributed  evenly  across  the  deflected 
spillbays  only.  There  were  no  identifiable  delays  associated  with  the  uniform  distribution  of  spill 
over  the  deflected  spillbays.  In  addition,  investigations  of  adult  passage  through  the  Lower  Granite 
spillway  entrances  indicate  there  are  no  delays  associated  with  operation  of  end  bay  deflectors  at 
Lower  Granite. 

Results  of  this  study  lead  to  the  installation  of  flow  deflectors  in  end  bays  of  the  Ice  Harbor  spillway 
and  the  discontinued  use  of  non-deflected  bays  at  Little  Goose  and  Lower  Monumental.  Non- 
deflected  end  bays  at  these  projects  were  shown  to  produce  high  levels  of  TDG  without  any 
offsetting  fish  passage  benefits  for  adult  migrants.  Adult  passage  counts  at  Ice  Harbor  during  the 
1998  and  1999  passage  season  show  no  sign  of  delayed  passage  following  the  installation  of  end  bay 
deflectors.  The  adult  migrant  delay  studies  have  shown  that  concerns  for  adult  migrant  passage 
delay  due  to  changes  in  the  hydraulic  environment  related  to  the  installation  of  spillway  flow 
deflectors  adjacent  to  fish  ladder  entrances  were  not  well  founded. 

Flow  deflectors  at  Ice  Harbor  increased  the  120  percent  TDG  spill  cap  from  25,000  cfs  without 
deflectors  to  near  80,000  cfs  with  eight  deflectors  and  up  to  1 10,000  cfs  with  10  deflectors.  The 
success  of  the  Ice  Harbor  deflectors  has  led  to  the  evaluation  and  implementation  of  additional 
spillway  flow  deflectors  on  those  projects  without  deflectors  on  all  bays.  Model  investigations  and 
design  of  additional  deflectors  at  Little  Goose,  Lower  Monumental,  McNary,  and  Bonneville  are 
being  conducted  under  a  fast-tracked  implementation  program  entitled  “Deflector  Optimization 
Program”. 

3.1.2  Design 

The  effectiveness  of  spillway  flow  deflectors  is  dependent  on  the  geometry  of  the  deflector,  target 
discharge,  and  deflector  submergence  (tailwater  elevation  minus  deflector  elevation).  Performance 
is  optimized  when  the  elevation  of  the  deflector  (associated  with  a  design  discharge  and  tail  water 
elevation)  is  set  to  provide  a  smooth  skimming  flow.  If  the  tailwater  elevation  relative  to  the 
deflector  is  too  low,  the  deflected  discharge  generates  a  plunging  flow,  subjecting  aerated  flow  to 
higher  pressures.  If  the  tailwater  elevation  is  too  high,  the  deflected  discharge  generates  a  highly 
aerated  undular  flow  that  may  also  draw  air  deep  into  the  stilling  basin. 

The  perfonnance  of  existing  deflectors  may  be  improved  by  modifying  the  spillway/deflector 
transition,  adding  spillway  pier  nose  extensions,  extending  the  deflectors,  and  optimizing  the 
deflector  elevation  for  specific  ranges  of  voluntary  spill  discharge.  The  new  John  Day  and  Ice 
Harbor  deflectors  were  constructed  with  some  of  these  improvements  and  generate  TDG  levels  a  few 
percent  lower  than  most  other  deflectors. 

3.1.3  Model  Study  Investigations 

Sectional  and  general  model  studies  were  completed  for  the  John  Day  and  Ice  Harbor  projects, 
resulting  in  the  construction  of  12.5-foot-long  deflectors  with  15-foot-radius  transitions.  The 
deflector  length  was  optimized  to  provide  a  stable  deflected  jet  for  the  design  flow  range,  while 
allowing  the  deflector  to  be  overridden  during  the  spillway  design  flood.  This  design  maintains  the 
stilling  basin’s  capacity  to  adequately  dissipate  the  energy  of  flow  during  flood  flow  conditions.  The 
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deflector  elevations  were  established  to  provide  a  smooth  stable  skimming  flow  jet  for  the  design 
discharge  and  expected  operating  tailwater  elevation. 

Other  deflector  model  study  investigations  include  a  stepped  spillway  flow  deflector  and  an  extended 
length  spillway  flow  deflector.  The  stepped  deflector  concept  was  intended  to  provide  skimming 
flow  over  a  very  wide  range  of  tail  water  elevations.  This  design  consisted  of  an  upper  and  lower 
deflector  connected  by  a  smooth  transition.  The  upper  deflector  elevation  would  be  set  to  provide 
ideal  flow  conditions  for  the  design  discharge  at  high  tail  water,  and  the  lower  deflector  would 
provide  the  good  skimming  flow  conditions  at  low  tail  water  elevations.  The  application  of  this 
deflector  was  thought  to  be  most  suited  to  the  Bonneville  spillway  due  to  the  extreme  fluctuations  in 
tail  water  elevations  experienced  there.  This  deflector  was  modeled  in  the  Bonneville  1:40  scale 
sectional  model.  The  transition  from  the  upper  deflector  began  with  a  parabolic  curve,  following  the 
natural  trajectory  of  the  jet,  then  went  into  a  reverse  curve  leading  to  the  lower  deflector.  The 
performance  of  the  stepped  deflector  was  very  poor  and  efforts  to  improve  on  the  design  were 
unsuccessful. 

Deflectois  lengths  of  12.5  feet,  17  feet,  and  30  feet  were  evaluated  using  the  John  Day  sectional 
spillway  model.  The  17-  and  30-foot  deflectors  appeared  to  provide  a  smoother  deflected  flow  jet 
over  a  wider  range  of  tailwater  elevations  but  did  not  significantly  improve  the  hydraulic 
performance  beyond  that  of  the  12.5-foot  deflector.  Longer  deflectors  tend  to  focus  the  impact  of  the 
deflected  jet  further  downstream  and  appeared  less  likely  to  be  overridden  during  high  spill  events. 
With  the  exception  of  the  Little  Goose,  which  has  8-foot  deflectors,  it  is  not  likely  that  longer 
deflectors  will  provide  any  significant  improvement  in  TDG  reductions. 

Additional  model  investigations  are  either  underway  or  scheduled  for  the  Bonneville,  McNary, 
Lower  Monumental,  and  Little  Goose  projects  under  the  deflector  optimization  program.  Sectional 
spillway  model  investigations  are  being  used  to  develop  the  deflector  design  and  elevation.  General 
model  investigations  will  be  used  to  verify  the  deflector  performance  given  the  3-dimensional  flow 
patterns  established  by  the  large  general  models  and  to  develop  operational  spill  distribution  patterns, 

3.1.4  The  TDG  performance 

Deflected  spill  flow,  will  generally  produce  saturated  gas  levels  as  shown  in  Figure  3-2.  These 
estimates  are  based  on  near-field  test  data  and  fixed-monitor  data  from  they  eight  lower  Snake  and 
Columbia  river  projects.  Figure  3-2  indicates  the  performance  of  a  single  deflected  spillway  bay. 

The  total  spillway  performance  is  project  specific  and  will  vary  depending  on  the  distribution  of  total 
spill  discharge  over  non-deflected  and  deflected  spillbays  and  the  interaction  of  these  flows  with 
powerhouse  releases. 
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Lower  Snake  and  Columbia  River  Projects 
Overall  Range  in  Deflector  Performance 


Figure  3-2.  Unit  Spillway  Discharge  (kefs) 

3.1.5  Risk  Assessment 

The  impacts  of  any  spillway  or  deflector  modifications  on  juvenile  and  adult  fish  passage, 
navigation,  channel  erosion,  and  the  structural  integrity  of  the  dam  must  be  considered.  The  addition 
or  modification  of  spillway  flow  deflectors  may  potentially  affect  any  or  all  of  the  following 
elements: 

3.1.5.1  Adult  Fish  Passage 

Model  studies  and  prototype  evaluations  have  shown  deflectors  in  the  outside  spillbays  create  strong 
cross-currents  (or  lateral  flows)  immediately  downstream  of  the  adult  fishway  entrances.  Tailrace 
conditions  altered  by  modified  or  additional  deflectors  may  disorient  and  delay  adult  fish  seeking 
passage  through  the  fishway  entrances  adjacent  to  the  spillways.  The  affect  of  additional  or  modified 
flow  deflectors  on  adult  fish  passage  must  be  evaluated  on  a  project-by-project  basis  accounting  for 
differences  in  project  configurations  (e.g.,  relative  location  of  fishway  entrances,  channel 
bathymetry,  and  the  existence  of  guide  walls  separating  the  entrances  from  the  stilling  basin). 
However,  studies  of  adult  migrant  delay  conducted  to  date  following  installation  of  deflectors  on 
spillbays  adjacent  to  fish  ladder  entrances  have  not  shown  any  delay  in  adult  migrant  passage 
associated  with  operation  of  these  newly  modified  bays. 

3.1.5.2  Juvenile  Fish  Passage 

The  hydraulic  conditions  generated  by  deflected  spill  flow  may  directly  impact  survivability  of 
juvenile  salmonids  migrating  downstream.  Turbulence  in  the  vicinity  of  stilling  basin  baffle  blocks 
and  endsill  may  be  increased  with  additional  or  modified  flow  deflectors.  Increased  turbulence  in  the 
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vicinity  of  these  structures  may  result  in  increased  mechanical  injury.  Though  many  of  the  projects 
are  similar,  the  influence  of  spillway  modifications  on  juvenile  fish  passage  must  be  evaluated  on  a 
project-by-project  basis.  There  have  been  studies  of  direct  mortality  of  spill  passed  juvenile  migrants 
that  indicate  higher  mortality  for  juvenile  fish  passed  through  spillbays  with  deflectors. 

3.1.5.3  Navigation 

Flow  deflectors  decrease  the  amount  of  energy  dissipated  within  the  stilling  basin,  increasing  the 
velocity  of  flow  in  the  downstream  channel.  The  extent  that  deflectors  influence  navigation 
conditions  downstream  of  the  lock  enhances  depends  on  the  channel  configuration,  bathymetry,  and 
the  relative  location  of  the  navigation  lock  to  the  spillway.  Increased  velocity  and  cross-channel 
flows  may  cause  difficulty  for  tow  operators  to  maintain  proper  alignment  and  speed  as  they 
approach  and  exit  the  downstream  lock  entrance.  Potential  impacts  of  additional  or  modified 
deflectors  on  navigation  must  also  be  evaluated  on  a  project-by-project  basis. 

3.1.5.4  Stilling  Basin  and  Channel  Erosion 

The  ability  of  the  spillway  and  stilling  basin  to  adequately  dissipate  energy  of  spillway  design  flows 
must  not  be  compromised  with  any  spillway  modifications.  Model  studies  show  the  standard  12.5-foot- 
long  flow  deflectors  will  be  over  ridden  by  the  spillway  design  flood  discharges.  When  this  happens, 
the  hydraulic  jump  generated  by  spillway  design  flood  flows  is  fiilly  contained  within  the  stilling 
basin.  Extending  the  deflector  length  may  result  in  insufficient  energy  dissipation  of  the  project 
design  flows,  forcing  the  hydraulic  jump  and  high-energy  flow  into  the  downstream  channel, 
potentially  causing  erosion  of  the  downstream  channel  and  shoreline. 

3.1.6  Operations 

Adding  or  modifying  spillway  flow  deflectors  at  any  of  projects  should  not  impact  or  increase 
project  operations  and  maintenance  (O&M)  cost.  This  alternative  is  a  passive  system  with  no 
electrical  or  mechanical  features.  The  only  operational  changes  that  might  occur  would  be  an 
increase  in  the  amount  of  water  that  can  be  voluntarily  spilled,  changes  in  spillway  distribution 
patterns,  and  possible  changes  to  turbine  operation  priorities.  These  changes  may  be  adjusted  to 
provide  optimum  tailrace  flow  patterns  for  juvenile  and  adult  fish  passage. 

3.1.7  Project  Application 

Additional  flow  deflectors  can  be  installed  at  most  of  the  lower  Snake  and  Columbia  river  projects. 
The  benefit  of  added  deflectors  is  dependent  on  the  hydraulic  performance  of  the  deflector  and  the 
ratio  of  deflected  to  non-deflected  spill  flow.  The  incremental  benefits  diminish  as  the  ratio  of 
deflected  to  non-deflected  spill  discharge  increase.  Table  3-1  identifies  the  total  number  of  spillbays 
and  the  total  number  of  deflectors  currently  installed  at  each  of  the  eight  Corps  projects  on  the  lower 
Snake  and  Columbia  rivers. 
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Table  3-1.  Total  Number  of  Spillway  Bays  and  Deflectors 


No.  Spillway  Bays 

No. 

Deflectors 

Deflector 

Elevation 

Deflector 

Length 

Deflector 

Transition 

Bonneville 

18 

13 

14.0 

12.0 

6.0-ft  radius 

The  Dalles 

23 

0 

John  Day 

20 

18 

148.0 

12.5 

15.0-ft  radius 

McNary 

22 

18 

256.0 

12.0 

Flat 

Ice  Harbor 

10 

10 

338.0  11 

12.5 

15.0-ft  radius 

Little  Goose 

8 

6 

532.0 

8.0 

Flat 

Monumental 

8 

6 

434.0 

12.5 

Flat 

Lower  Granite 

8 

8 

630.0 

12.5 

15.0-ft  radius 

1/  Deflectors  in  spillway  bays  1  and  10  are  at  el.  336  for  improved  adult  fishway  entrance  conditions. 


3.1.8  Recommendations  for  Further  Development 

The  development  of  additional  and/or  modified  deflectors  is  underway  for  all  projects  with  the 
exception  of  Ice  Harbor. 

3.2  Raised  (Negative-Stepped)  Stilling  Basin 

3.2.1  General 

Raising  the  stilling  basin  floor  by  filling  and  capping  the  basin  with  concrete  will  reduce  the  plunge 
depth  and  expose  the  heavily  aerated  discharge  to  lower  hydrostatic  pressures  (Figure  3-3).  Because 
this  alternative  compromises  the  basin’s  ability  to  dissipate  the  energy  of  flow,  a  secondary  or 
negative-stepped  basin  immediately  downstream  of  the  primary  basin  is  necessary  to  provide  for 
energy  dissipation  of  the  probable  maximum  flood  (PMF). 


Figure  3-3.  Negative-Stepped  Stilling  Basin 
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3.2.2  Design 

The  spillway  s  stilling  basin  serves  to  dissipate  the  kinetic  energy  of  water  passed  over  a  spillway 
and  is  necessary  to  prevent  excessive  erosion  and  undesirable  hydraulic  conditions  in  the  tailrace 
channel.  To  function  properly,  the  basin  must  be  designed  with  the  appropriate  length  and  depth  to 
create  and  contain  the  formation  of  a  hydraulic  jump.  Stilling  basins  on  the  lower  Snake  and 
Columbia  river  projects  are  designed  to  dissipate  the  energy  of  all  spillway  discharges  up  to  the 
PMF.  The  normal  stilling  basin  depths  of  these  projects  range  from  near  40  feet  to  more  than  60  feet 
deep  and  fluctuate  with  river  discharge. 

Based  on  the  TDG  performance  of  The  Dalles,  the  recommended  stilling  basin  depth  for  this 
alternative  is  20  feet  but  must  be  established  for  a  target  river  flow  and  associated  tailwater  elevation. 
Raising  the  basin  floor  to  provide  an  average  (normal)  depth  of  20  feet  will  allow  large  spillway 
discharges  to  sweep  through  the  basin.  This  requires  construction  of  a  negative-stepped  or  secondary 
basin  to  prevent  downstream  erosion.  The  stepped  basin  design  allows  the  hydraulic  jump  of  lower, 
more  frequently  occurring  discharges  to  form  on  the  elevated  upstream  (primary)  apron  and  that  of 
larger  discharges  to  form  partially  on  the  primaiy  apron  and  the  lower  secondary  apron. 

All  of  the  Corps  projects  currently  have  most  or  all  spillbays  equipped  with  spillway  deflectors  with 
the  exception  of  The  Dalles.  The  design  issues  of  raised  stilling  basin  remain  the  same  with  or 
without  spillway  deflectors.  The  optimum  stilling  basin  elevation  however  may  change  when  these 
to  alternatives  are  combined.  A  spillway  with  flow  deflectors  and  an  elevated  stilling  basin  will 
dissipate  less  energy  than  either  structure  alone.  The  stepped  stilling  basin  would  be  designed  to 
provide  the  best  hydraulic  and  dissolved  gas  conditions  in  combination  with  the  existing  deflectors. 

3.2.3  Model  Study  Investigations 

The  negative-stepped  stilling  basin  was  modeled  in  the  John  Day  l:40-scale  sectional  spillway 
model.  The  study  was  developed  to  define  the  energy  dissipation  characteristics  of  the  negative- 
stepped  basin.  Unit  spillway  discharges  of  5,000, 14,000, 25,800,  and  34,000  cfs,  and  the  PMF  of 
1 12,500  cfs  per  bay  were  evaluated.  The  hydraulic  jump  was  formed  at  the  toe  of  the  spillway  and 
was  completely  contained  on  the  primary  basin  with  a  unit  spill  bay  discharge  of  5,000  cfs.  At 
14,000  cfs  the  jump  was  forced  into  the  secondary  basin.  The  hydraulic  jump  was  fully  contained 
within  the  secondary  basin  for  all  other  flows  up  to  the  PMF  of  1 12,500  cfs  per  bay. 

There  have  been  no  general  model  studies  of  this  alternative.  General  model  investigations  of  each 
project  would  be  necessary  to  determine  the  influence  of  this  alternative  on  adult  passage,  juvenile 
egress  through  the  tailrace  and  navigation. 

3.2.4  The  TDG  Performance 

The  raised  stilling  basin  reduces  the  plunge  depth  of  spill  discharge  and  exposes  air  entrained  flow  to 
lower  hydrostatic  pressures.  The  gas  performance  of  the  raised  stilling  basin  alternative  will  be 
dependent  on  the  target  design  discharge  and  the  stilling  basin  and  downstream  channel  depths.  This 
alternative  will  not  allow  the  projects  to  meet  the  state  and  Federal  water  quality  standards,  but 
should  pass  unit  discharges  of  up  to  240  efs/ft  (12,000  cfs  per  bay)  without  exceeding  120  percent 
TDG,  and  100  cfs/ft  (5,000  cfs  per  bay)  without  exceeding  1 15  percent  TDG.  These  estimates  are 
based  on  the  stilling  basin  depths  necessary  to  force  and  contain  a  hydraulic  jump  for  the  given  unit 
discharges,  and  the  general  performance  of  the  Ice  Harbor  and  The  Dalles  spillway. 
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The  gas  production  estimates  do  not  account  for  the  high  concentration  of  aerated  flow  that  will  be 
drawn  into  the  deeper  secondary  basin.  The  increased  hydrostatic  pressures  in  the  secondary  basin 
may  further  saturate  the  flow  and  reduce  the  benefits  of  the  raised  stilling  basin.  Model  studies  can 
be  used  to  determine  the  hydraulic  conditions  and  the  potential  for  aerated  flow  to  drawn  into  the 
secondary  basin  but  the  air  bubbles  cannot  be  accurately  modeled.  Prototype  testing  of  similar 
structures  is  the  only  means  of  verifying  the  TDG  estimates. 

3.2.5  Risks  Assessment 

A  properly  designed  negative-stepped-stilling  basin  will  adequately  dissipate  the  energy  of  flow  for 
all  spillway  discharges  up  to  the  standard  project  design  flood.  It  should  not  compromise  the 
structural  integrity  of  the  project  or  increase  the  potential  for  downstream  erosion.  Raising  the 
primary  stilling  basin  floor  will  alter  tailrace  flow  conditions  and  may  impact  navigation  as  well  as 
juvenile  and  adult  fish  passage.  These  concerns  must  be  addressed  on  a  project-by-project  basis  and 
will  require  both  sectional  spillway  and  general  model  investigations.  Aspects  of  TDG  production  as 
well  as  juvenile  and  adult  fish  safety  and  passage  issues  can  only  be  accurately  assessed  through 
evaluation  of  a  prototype  structure. 

3.2.5.1  Adult  Fish  Passage 

Raising  the  stilling  basin  floor  will  increase  channel  velocities  downstream  of  the  stilling  basin  may 
result  in  a  hydraulic  flow  barrier  to  adult  fish  seeking  upstream  passage.  General  model  studies 
would  be  required  to  evaluate  the  influence  on  adult  fish  passage.  The  fishway  entrance  channels 
may  have  to  be  extended  downstream  of  the  primary  basin  with  multiple  entrances  along  the  length 
of  the  extended  channel. 

3.2.5.2  Juvenile  Fish  Passage 

The  raised  stilling  basin  will  provide  turbulent  shallow  water  conditions  that  may  increase  the  risk  of 
injury  and  direct  mortality  to  juvenile  fish.  Shallow  turbulent  flow  conditions  following  spill 
passage  could  also  increase  the  risk  of  indirect  mortality,  primarily  by  avian  predators.  Turbulent, 
high  velocity  flow  may  not  permit  juvenile  migrants  to  recover  very  quickly  from  any  temporary 
disability  sustained  during  spill  passage  thereby  increasing  the  total  period  of  time  they  are 
vulnerable  to  predation.  The  high  velocities  in  the  tailrace  would  likely  limit  the  presence  of 
predators  to  the  periphery  of  the  tailrace  or  displacement  downstream.  The  potential  for  injury  and 
mortality  must  be  thoroughly  investigated  in  a  prototype  structure. 

3.2.5.3  Navigation 

The  raised  stilling  basin  may  impact  navigation  if  installed  at  projects  that  have  the  navigation  lock 
located  near  the  spillway.  Higher  downstream  channel  velocities  could  make  it  difficult  for  tow 
operators  to  maintain  proper  alignment  and  control  as  they  approach  and  exit  the  lock  entrance. 
Model  studies  would  be  required  to  evaluate  the  influence  on  navigation.  Additional  structural  and 
operational  improvements  may  be  required. 

3.2.6  Operations 

Raising  the  stilling  basin  floor  at  any  of  the  study  projects  should  not  impact  or  increase  project 
O&M  cost.  This  alternative  is  a  passive  system  with  no  electrical  or  mechanical  features.  The  only 
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operational  changes  that  might  occur  would  be  changes  in  spillway  distributions  and  turbine 
priorities  adjusted  to  provide  optimum  tailrace  flow  patterns  for  juvenile  and  adult  fish  passage. 
However,  if  mitigating  features  such  as  navigation  improvement  structures  and  additional  fish 
passage  facilities  are  required,  then  additional  O&M  resources  may  be  necessary. 

3.2.7  Project  Applications 

The  raised  stilling  basin  concept  can  be  applied  to  any  of  the  eight  lower  Snake  and  Columbia  river 
projects.  However,  some  may  require  more  excavation  for  a  secondary  basin  than  others.  The  raised 
basin  may  be  constructed  across  the  entire  spillway  or  a  portion  of  the  spillway  depending  on  the 
target  design  flows  and  desired  tailwater  flow  conditions.  The  construction  sequence  and  methods  as 
defined  in  the  design  report  for  the  John  Day  and  Ice  Harbor  would  be  similar  for  all  projects. 

The  Bonneville  spillway  has  a  lower  secondary  basin  with  very  deep  holes  in  the  tailrace  channel. 

As  a  result,  the  construction  of  a  raised  stilling  basin  with  an  appropriate  sized  secondary  basin  may 
require  very  little  excavation.  The  spillway  channel  is  confined  by  Bradford  and  Cascade  Islands  so 
there  should  be  no  impact  to  navigation.  The  high  velocity  flow  across  and  exiting  the  primary  basin 
may  cause  passage  problems  for  adults.  The  fishway  channels  could  be  extended  beyond  the  lip  of 
the  primary  basin  with  multiple  entrances  along  the  length  of  the  channel. 

The  Dalles  spillway  stilling  basin  is  already  very  shallow  with  an  average  depth  of  approximately 
24  feet.  It  is  unlikely  any  additional  benefit  would  be  gained.  The  tailrace  channel  Is  very  shallow 
attributing  to  a  very  high  rate  of  de-gassing  of  supersaturated  saturated  flow. 

The  design  and  layout  of  John  Day,  McNary,  and  the  four  lower  Snake  River  projects  are  very 
similar  with  the  exception  of  Little  Goose.  Little  Goose  does  not  have  a  conventional  stilling  basin. 
Because  of  the  original  channel  depth,  a  roller  bucket  was  constructed  rather  than  the  typical  stilling 
basin  with  a  horizontal  apron.  The  invert  depth  of  the  Little  Goose  roller  bucket  Is  approximately  75 
feet.  A  raised  stilling  basin  at  this  project  would  require  a  significant  volume  of  fill,  but  little  if  any 
excavation  for  a  secondaiy  basin.  The  powerhouse  and  a  large  peninsula  separate  the  Little  Goose 
navigation  lock  from  the  spillway.  As  a  result  of  this  separation.  It  is  unlikely  a  raised  stilling  basin 
would  adversely  impact  navigation. 

The  impact  to  navigation  and  adult  passage  at  each  project  would  have  to  be  evaluated  separately 
through  general  model  investigations,  specific  to  each  project.  All  of  these  projects  would  likely 
require  modifications  to  the  adult  fishway  channels  and,  with  the  exception  of  the  Bonneville  and 
Little  Goose,  either  operational  of  structural  improvements  for  navigation. 

3.2.8  Conclusions 

The  negative-stepped  spillway  is  likely  to  reduce  the  saturation  of  spillway  discharges  by  reducing 
the  plunge  depth  of  spilled  water  but  alone  will  not  allow  the  project  to  meet  water  quality  standards. 
The  performance  of  the  negative-stepped  spillway  is  expected  to  be  slightly  better  than  spillway  flow 
deflectors.  A  number  of  biological  issues  must  be  resolved  before  any  additional  effort  should  be 
expended  on  the  design  and  construction  of  the  raised  (negative-stepped)  stilling  basin  alternative. 
However,  it  is  unlikely  that  biological  issues  could  be  adequately  evaluated  without  construction  and 
biological  testing  of  a  prototype  spillway.  Because  of  die  biological  Issues,  limited  potential  for  gas 
reduction  and  lack  of  regional  support  this  alternative  is  not  recommended  for  further  evaluation. 
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3.3  Additional  Spillway  Bays 

3.3.1  General 

All  eight  of  the  lower  Snake  and  Columbia  river  projects  have  sufficient  room  to  construct  additional 
spillbays  (Figure  3-4).  Additional  spillbays  would  reduce  the  generation  of  TDG  by  reducing  the 
unit  spill  discharge  requirements  and  necessary  stilling  basin  depths.  The  ability  of  this  alternative  to 
meet  water  quality  standards  is  limited  by  the  number  of  spillbays  that  can  be  constructed,  the  design 
discharge  per  bay,  and  the  stilling  basin  depth  necessary  to  dissipate  the  energy  of  flow.  Unlike 
conventional  spillways  designed  to  pass  and  adequately  dissipate  the  energy  of  flow  for  the  PMF 
(also  referred  to  as  the  spillway  design  flood),  the  additional  spillbays  could  be  designed  for  much 
lower  spill  levels.  This  spillway  would  be  designed  specifically  to  reduce  the  saturation  of  TDG  for 
normal  or  voluntary  spill  flows,  while  improving  the  spill  passage  efficiency  and  survival  of  juvenile 
fish. 


Figure  3-4.  Additional  Spillway  Bays 

Additional  spillbays  can  be  constructed  in  place  of  the  earthen  non-overflow  embankments  of  many 
of  the  lower  Snake  and  Columbia  river  projects.  Numerous  possible  geometric  configurations  could 
be  constructed  ranging  from  conventional  shapes  to  the  shape  identified  in  Figure  3-5.  Because  the 
existing  spillways  are  designed  to  pass  the  PMF,  the  new  spillways  would  be  designed  to  pass  a 
much  lower  unit  discharge  typical  of  normal  operations.  The  energy  dissipation  requirements  would 
be  less,  requiring  a  much  shallower  stilling  basin.  Both  the  shallow  stilling  basin  and  the  lower  unit 
discharge  will  result  in  lower  TDG  concentrations. 

Concept  level  designs  of  the  additional  spillway  alternative  have  been  developed  for  each  of  the 
eight  lower  Snake  and  Columbia  River  projects.  Plates  1  to  8  show  the  general  layout  for  each 
project.  The  designs  for  each  project  are  similar  with  the  exception  of  spillway  location  relative  to 
the  existing  structures.  Each  spillway  has  been  developed  for  100,000  cfs  and  includes  nine  (9)  50- 
foot-wide  spillbays.  A  conventional  spillway  designed  for  80  feet  to  90  feet  of  hydraulic  head  with  a 
discharge  capacity  of  8,000  cfs  +/-  per  bay  (160  cfs/foot)  would  require  a  basin  depth  of 
approximately  20  feet;  less  than  half  the  depth  typically  experience  at  the  eight  Corps  study  projects. 
This  depth  may  be  reduced  even  more  if  armoring  for  downstream  channel  protection  is  provided. 

The  additional  spillway  design  presented  is  conceptual  and  intended  only  to  illustrate  a  cost  and 
TDG  benefit  for  relative  comparison  of  alternatives.  The  design  of  a  spillway  for  a  specific  project 
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would  be  refined  to  better  fit  the  project  configuration  and  topographic  features.  Other  design 
refinements  may  include  changing  the  spillway  location  or  geometry  for  improved  juvenile  fish 
passage  efficiency  and  fish  safety.  The  new  spillway  design  may  include  a  longer  stilling  basin  on  a 
gradual  slope  with  the  absence  of  baffle  blocks  and  endsills.  Other  features  may  include  a  shallow 
overflow  spillway  crest  or  downward  operating  drum  gates  to  safely  and  efficiently  attract  fish  over 
the  spillway.  Adequate  biological  evaluation  of  design  alternatives  to  optimize  passage  conditions 
for  juvenile  migrants  and  adult  fallbacks  and  kelts  throughout  the  spill  passage  route,  from  the  spill 
gate  through  egress  from  the  spill  tailrace,  would  likely  require  construction  and  biological  testing  of 
a  prototype  structure. 

3.3.2  The  TDG  Performance 

The  gas  performance  of  the  additional  spillbays  will  be  dependent  on  the  target  design  discharge  and 
the  stilling  basin  and  downstream  channel  depths.  This  alternative  will  not  allow  the  projects  to  meet 
the  state  and  Federal  water  quality  standards,  but  should  to  pass  unit  discharges  of  up  to  240  cfs/ft 
(12,000  cfs  per  bay)  without  exceeding  120  percent  TDG,  and  100  cfs/ft  (5,000  cfs  per  bay)  without 
exceeding  115  percent  TDG,  These  estimates  are  based  on  the  stilling  basin  depths  necessary  to 
force  and  contain  a  hydraulic  jump  for  the  given  unit  discharges,  and  the  general  performance  of  the 
Ice  Harbor.  The  Ice  Harbor  project  has  the  lowest  gas  producing  spillway  and  tailrace  channel  on  the 
lower  Snake  and  Columbia  river  system.  It  is  likely  that  additional  improvements  can  be  made  with 
a  spillway  system  designed  specifically  for  the  benefit  of  reducing  TDG  concentrations  for  normal  or 
voluntary  spill  levels. 

3.3.3  Risk  Assessment 

This  alternative  will  not  limit  or  restrict  the  capacity  of  existing  spillways.  If  properly  designed, 
spillway  and  stilling  basin  should  adequately  discharge  and  dissipate  the  energy  of  flow  without 
causing  downstream  erosion  or  threat  to  the  stability  of  the  spillway  structure.  The  new  spillway 
bays  may  impact  navigation  as  well  as  adult  and  juvenile  fish  passage  requiring  some  additional 
mitigating  features  such  as  adult  fishway  ladders. 

3.3.3.1  Adult  Fish  Passage 

Adult  fish  will  be  attracted  to  the  spill  releases  of  additional  spillway  bays.  Additional  fishway 
channels  will  likely  be  required  to  prevent  delay  and  provide  adequate  adult  passage, 

3.3.3.2  Juvenile  Fish 

Direct  injury  and  mortality  of  juveniles  passing  in  spill  through  new  spillbays  may  not  be  any 
different  than  that  of  existing  spillways.  However,  because  of  design  differences  between  existing 
spillbays  and  likely  designs  for  additional  spillbays,  for  a  given  spill  discharge,  the  shallower  stilling 
basin  will  dissipate  approximately  the  same  amount  of  energy  in  a  much  smaller  basin  volume 
resulting  in  higher  energy  dissipation  densities.  The  increased  turbulence  may  result  in  higher  rates 
offish  injury  and  mortality  due  to  increased  shear  and  impact  within  the  basin.  In  addition  to  higher 
rates  of  direct  injury  and  mortality,  exposure  of  juvenile  fish  to  higher  energy  dissipation  densities 
may  result  in  higher  levels  of  temporary  disability  and,  depending  on  the  abundance  of  predators, 
higher  rates  of  indirect  injury  and  mortality.  Investigation,  using  physical  models,  of  operating 
patterns  to  facilitate  egress  of  juvenile  migrants  out  of  the  spill  tailrace  would  likely  be  necessary. 
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3.3.3.3  Navigation 

Impacts  to  navigation  will  depend  on  the  discharge  of  the  new  spillbays  relative  to  the  location  of  the 
navigation  channel  and  must  be  evaluated  on  a  project-by-project  basis. 

3.3.4  Operations 

Any  new  spillway  structure  would  require  additional  O&M  resources.  The  equipment,  manpower, 
and  dollars  necessary  to  maintain  and  operate  the  system  have  not  been  developed  but  would  likely 
be  similar  to  those  required  for  the  existing  spillway  system  and  adult  fishway  systems.  The  control 
of  the  new  spillway  would  likely  be  operated  from  the  existing  powerhouse  control  room.  A  new 
spillway  gantry  crane  for  the  installation  of  bulkheads  would  be  required  as  well  as  a  larger 
maintenance  crew.  The  O&M  requirements  would  be  identified  with  associated  cost  during  the 
design  documentation  phase  should  this  alternative  be  considered  further. 

3.3.5  Model  Study  Investigations 

A  model  study  of  the  additional  spillbay  alternative  has  not  been  conducted.  Both  sectional  and 
general  model  investigations  would  be  required  for  further  development.  General  models  exist  or  are 
currently  being  constructed  for  each  of  the  eight  study  projects.  All  of  these  models  will  have  the 
capability  for  modeling  additional  spillway  bays.  In  addition,  there  are  numerous  sectional  models 
and  model  flumes  that  can  be  modified  and  used  for  the  development  of  the  additional  spillway  bay 
designs.  General  model  investigations  would  be  required  to  evaluate  influence  on  tailwater  flow 
patterns  and  resulting  effects  on  juvenile  and  adult  fish  passage  as  well  as  navigation. 

3.3.6  Project  Application 

The  design  and  construction  of  additional  spillbays  at  Lower  Granite  and  Little  Goose  is 
straightforward.  Both  of  these  projects  have  large  earthen  non-overflow  sections  that  could  easily 
accommodate  a  spillway  of  nine  or  more  50-foot  spillbays.  Projects  such  as  Lower  Monumental,  Ice 
Harbor,  and  McNary  all  have  fish  facilities  located  below  the  earthen  non-overflow  sections.  Unless 
these  facilities  are  removed/relocated  then  the  shoreline  adjacent  to  the  navigation  locks  would  be 
excavated  to  accommodate  the  new  spillbays.  An  additional  spillway  at  McNary  could  also  be 
constructed  in  the  location  that  has  previously  been  proposed  for  the  second  powerhouse. 

The  additional  spillway  alternative  at  John  Day  would  also  require  the  excavation  of  the  north 
shoreline  adjacent  the  navigation  lock  to  accommodate  the  nine  new  spillbays.  In  addition,  John  Day 
has  four  skeleton  bays  available  between  the  powerhouse  and  spillway  dam.  A  spillway  design  for 
the  skeleton  bays  has  been  developed  as  part  of  the  Corps’  Portland  District’s  Surface  Collection  and 
Bypass  Study. 

A  new  spillway  at  The  Dalles  could  be  located  along  the  north  shore  adjacent  the  navigation  lock  or 
on  the  island  between  the  powerhouse  and  spillway  as  shown  on  Plate  2.  A  new  spillway  with  nine 
or  more  spillbays  could  be  constructed  at  Bonneville  on  the  Cascade  Island  between  the  second 
powerhouse  and  existing  spillway  as  shown  on  Plate  1 . 

3.3.7  Conclusions 

The  additional  spillway  alternative  has  been  developed  only  as  a  concept  of  a  conventional  type 
spillway  and  stilling  basin.  These  spillways  could  be  designed  for  low  unit  discharges  with  gas 
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abatement  and  safe  fish  passage  as  the  predominant  design  criteria  rather  than  capacity  for  the 
probable  maximum  flood.  The  basin  depths  and  tailwater  channels  could  be  relatively  shallow. 
Energy  dissipation  could  be  extended  over  a  longer  concrete  basin,  eliminating  the  need  for  baffle 
blocks  and  end  sills.  Changes  in  energy  dissipation  strategies  and  similar  modifications  would 
require  careful  assessment  of  biological  impacts.  In  general,  increased  turbulence  in  shallow  stilling 
basins  and  tailrace  sections  could  produce  unacceptable  biological  impacts,  particularly  for 
subyearling  juvenile  migrants. 

Many  other  options  within  this  alternative  exist.  If  a  safe  stilling  basin  environment,  both 
hydraulically  and  biologically,  can  be  provided,  the  spillway  might  be  controlled  with  overflow  drum 
gates  that  would  draw  flow  from  the  surface,  possibly  enhancing  the  attraction  of  juvenile  fish.  Or, 
larger  capacity  spillbays  could  be  constructed  that  would  allow  modifications  to  the  existing 
spillbays,  potentially  enhancing  passage  and  gas  abatement  without  compromising  the  projects’ 
spillway  capacity.  These  new  spillbays  would  operate  only  during  the  high  involuntary  spillway 
flows,  leaving  the  modified  spillways  to  operate  as  a  safe  juvenile  passage  route.  Recommendations 
for  further  development  include  refinement  of  designs  and  cost  estimates  for  specific  projects, 
refinement  of  gas  estimates  based  on  those  designs  and  investigations  into  other  fish  passage  benefits 
and  refinement  of  cost  estimates  for  specific  projects. 

3.4  Raised  Tailrace  Channel 

3.4.1  General 

Investigations  of  the  TDG  exchange  below  project  spillways  have  consistently  identified  the  spillway 
tailrace  channel  to  be  a  region  of  active  exchange  of  atmospheric  gases.  The  tailrace  channel  is  an 
area  where  the  high  concentration  of  air  bubbles  strip  gasses  from  the  water  column  as  they  vent  to 
the  surface.  The  Dalles  and  Ice  Harbor  near-field  studies  show  shallow  tailrace  channel  conditions 
have  a  moderating  effect  on  TDG  exchange.  The  Dalles  and  the  Ice  Harbor  spillway  tailrace 
channels  force  aerated  flow  into  shallow  depths  improving  the  degas  process,  as  turbulence  levels  are 
high,  the  air  to  water  interface  large,  and  the  effective  depth  of  the  bubbles  small. 

By  raising  the  tailrace  channel  elevation  (see  Figure  3-5)  downstream  of  a  deflected  spillway,  the 
generation  of  shallow,  turbulent  flow'  with  high  concentrations  of  air  entrainment  can  be  enhanced. 
Flow  deflectors  benefit  this  process  because  they  generate  high  velocity  surface  flows  that  typically 
extend  well  downstream  of  the  stilling  basins.  This  combined  deflector  and  raised  tailrace  (RTR) 
design  could  significantly  supplement  deflector  performance  to  further  reduce  generated  TDG  levels. 
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Figure  3-5.  Raised  Tailrace 
3.4.2  Design 

The  design  of  a  raised  tailrace  channel  must  take  into  consideration  TDG  reduction  benefits,  fish 
passage  concerns,  navigation  objectives,  and  channel  and  structural  stability  concerns.  The  objective 
of  maximizing  the  TDG  benefits  by  minimizing  the  depth  of  flow  immediately  downstream  of  the 
stilling  basin  is  often  at  odds  with  other  design  considerations. 

The  target  flow  range  and  associated  tail  water  elevation  are  project  specific  and  must  be  identified 
to  establish  the  optimum  channel  elevation.  The  tailwater  elevation  will  be  a  function  of  the  total 
river  flow  and  forebay  elevation  of  the  downstream  project.  Field  tests  indicate  the  tailrace  depth 
should  be  1 5  feet  or  less  for  the  design  flow  range.  Once  the  flow  range  and  elevations  have  been 
established,  the  fill  material  would  be  sized  to  withstand  the  design  flood  flow  or  a  lesser  flow  at 
which  point  failure  of  the  RTR  channel  may  be  acceptable.  A  heavily  armored  slope  along  the 
upstream  face  of  the  elevated  tailrace  channel  will  be  required,  possibly  with  a  concrete  cap  to 
maintain  stability  and  provide  acceptable  conditions  for  juvenile  passage.  Biologists  suggested  a 
minimum  channel  depth  for  summer  low-flow  conditions  of  8  to  10  feet,  although  a  deeper  channel 
may  be  preferred  to  prevent  or  reduce  physical  injury  to  juveniles.  The  resource  agencies  have 
indicated  that  large  rock  fill  may  provide  predator  habitat.  NMFS  and  the  USGS  recommend  a 
design  with  roughness  elements  no  greater  than  1 .0-foot  high. 

Preliminary  designs  for  the  RTR  alternative  were  developed  for  the  John  Day  and  Ice  Harbor 
facilities.  Because  Ice  Harbor  has  a  relatively  shallow  tailrace  channel  and  the  volume  of  fill  (and 
associated  costs)  required  to  generate  flow  conditions  similar  to  The  Dalles  appeared  reasonable,  a 
more  detailed  design  and  model  study  investigations  for  an  Ice  Harbor  prototype  were  proposed  as  a 
prototype  structure.  When  the  decision  to  continue  with  development  of  a  prototype  design  was 
made,  the  Ice  Harbor  spillway  had  no  deflectors.  Deflectors  have  since  been  installed,  and  in  1998  a 
post  construction  evaluation  of  the  deflector  performance  was  conducted.  The  field  test  showed  the 
Ice  Harbor  deflectors  with  the  existing  shallow  tailrace  channel  are  highly  effective  in  reducing 
generated  TDG  levels.  The  benefits  of  further  reducing  the  channel  depth  at  Ice  Harbor  appear 
negligible,  and  doing  so  may  increase  the  potential  for  predation  and  risk  of  injury  to  juveniles. 
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3.4.3  Physical  Hydraulic  Model  Studies 

The  RTR  alternative  was  evaluated  within  the  existing  Ice  Harbor  1:55  scale  model  following 
completion  of  the  deflector  investigation.  As  a  result,  the  RTR  investigations  were  largely  conducted 
in  parallel  with  the  deflector  installations.  This  study  was  directed  at  evaluating  and  developing  a 
design  for  a  RTR  that  would  be  used  in  conjunction  with  deflectors,  specifically  as  a  prototype 
design  for  Ice  Harbor.  Although  the  Ice  Harbor  model  was  used,  the  study  was  approached  as  a 
generic  development  of  die  RTR  concept.  The  RTR  model  demonstrated  an  effective  design  that 
would  i  educe  TDG  levels.  It  was  concluded  that  features  of  the  Ice  Harbor  design  characterized  by 
various  degrees  of  tailwater  depths  might  be  economically  and  logistically  achievable  at  other  Snake 
and  Columbia  river  structures. 

3.4.4  The  TDG  Performance 

The  operation  of  Ice  Harbor  in  its  current  configuration  represents  a  prototype  test  of  flow  deflectors 
with  a  shallow  tailrace  channel.  The  operational  changes  associated  with  the  installation  of  flow 
deflectors  has  resulted  in  a  significant  increase  in  the  percentage  of  the  total  river  flow  spilled  during 
the  fish  passage  season.  The  range  in  project  operations  during  the  fish  passage  season  has  resulted 
in  a  wide  range  of  project  spill  discharges  and  accompanying  tailwater  elevations. 

A  review  of  the  TDG  data  collected  below  Ice  Harbor  indicates  a  strong  correlation  between  TDG 
production  and  depth  of  flow.  Project  discharges  exceeding  10  kefs  per  bay  have  been  observed  at 
Ice  Harbor  without  exceeding  the  tailwater  TDG  criteria  of  120  percent  saturation.  The  spill  cap  at 
Ice  Harbor  is  significantly  greater  than  the  spill  caps  at  the  other  Snake  River  projects  with  similarly 
designed  flow  deflectors  but  with  much  deeper  tailwater  channels.  This  evidence  reflects  a  proof  of 
concept  of  the  raised  tailrace  channel  alternative  and  provides  information  regarding  the  relative 
TDG  abatement  benefits  of  this  alternative.  In  general,  the  Ice  Harbor  spillway  can  release  8,000  to 
10,000  cfs  per  bay  without  exceeding  120  percent  TDG.  Other  Lower  Snake  and  Columbia  river 
projects  similar  in  design  to  the  Ice  Harbor  spillway  and  stilling  basin  (with  deflectors)  easily  exceed 
120  percent  TDG  when  discharging  6,000  to  8,000  cfs  per  bay, 

3.4.5  Risk  Assessment 

Raising  the  tailrace  channel  below  a  spillway  with  flow  deflectors  may  reduce  the  channel’s  capacity 
to  dissipate  energy.  A  deep  channel  will  dissipate  the  residual  energy  exiting  the  stilling  basin  with 
little  or  no  impact  on  navigation  or  adult  fish  passage. 

3.4.5.1  Adult  Fish  Passage 

Raising  the  channel  bottom  may  compound  the  affects  of  the  deflector,  further  limiting  the  ability  of 
the  system  to  adequately  dissipate  energy.  Increased  channel  velocities  downstream  of  the  stilling 
basin  may  result  in  a  hydraulic  flow  barrier  to  adult  fish  seeking  upstream  passage.  General  model 
studies  would  be  required  to  evaluate  the  influence  on  adult  fish  passage  and,  if  necessary',  to  develop 
or  refine  the  raised  tailrace  design  to  provide  favorable  adult  attraction  flow  conditions.  Ice  Harbor 
may  serve  as  a  prototype  for  evaluation  of  a  raised  tailrace  on  adult  fish  passage. 

3.4.5.2  Juvenile  Fish  Passage 

Sectional  and  general  model  tests  of  the  Ice  Harbor  spillway  indicate  the  RTR  channel  tends  to 
increase  the  re-circulation  of  flow  and  generates  greater  turbulence  within  the  stilling  basin  near  the 
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baffle  blocks  and  end  sill.  These  conditions  combined  with  higher  velocities  across  the  shallow 
channel  may  result  in  increased  injury  to  juvenile  fish  passed  through  the  system.  The  potential  for 
injury  and  mortality  over  a  range  of  discharge  and  tailwater  conditions  at  Ice  Harbor  must  be 
thoroughly  investigated  before  constructing  a  RTR  channel  at  any  project.  As  in  the  case  of  adult 
migrants,  Ice  Harbor  could  serve  as  a  prototype  for  the  raised  tailrace  alternative. 

3.4.5.3  Navigation 

An  RTR  channel  may  impact  navigation  if  installed  at  projects  that  have  the  navigation  lock  located 
near  the  spillway.  A  raised  channel  may  increase  the  velocity  of  cross-channel  flows  downstream  of 
the  navigation  lock.  This  condition  could  make  it  difficult  for  tow  operators  to  maintain  proper 
alignment  and  control  as  they  approach  and  exit  the  lock  entrance.  Model  studies  would  be  required 
to  evaluate  the  influence  on  navigation  and,  if  necessary,  mitigation  may  be  required  to  provide 
favorable  navigation  conditions. 

3.4.6  Operations 

Raising  the  tailrace  channel  below  any  of  the  study  projects  should  not  impact  or  increase  project 
O&M  cost.  This  alternative  is  a  passive  system  with  no  electrical  or  mechanical  features.  The  only 
operational  changes  that  might  occur  would  be  changes  in  spillway  distributions  and  turbine 
priorities;  adjusted  to  provide  optimum  tailrace  flow  patterns  for  juvenile  and  adult  fish  passage. 

3.4.7  Project  Applications 

An  assessment  of  the  Ice  Harbor  and  John  Day  designs  was  conducted  to  determine  how  this 
alternative  may  be  applied  at  other  projects.  Table  3-3  shows  the  existing  channel  bottom  elevation, 
the  recommended  raised  channel  elevation,  and  the  expected  tailwater  elevations  associated  with  the 
average  summer  low  flow  discharge  and  the  peak  daily  average  discharge  for  each  project.  The 
raised  tailrace  alternative  would  provide  the  greatest  benefit  below  projects  such  as  Bonneville,  John 
Day,  McNary,  and  Little  Goose.  These  projects  have  large  deep  holes  and  spill  patterns  that  draw  air 
into  them.  The  Dalles  tailrace  channel  is  extremely  shallow  so  there  would  be  little  or  no  benefit  by 
decreasing  its  channel  depth. 


Table  3-3.  Raised  Tailrace  Design  Parameters 


Project 

Existing 

Elevation 

Design 

Elevation 

Flow 

Range 

TW 

Elevation 

Design 

Channel  Depth 

Lower  Granite 

571  to  600 

624 

30-140 

633-640 

9-16 

Little  Goose 

450  to  485 

527 

30-140 

537-543 

10-16 

Lower  Monumental 

383  to  416 

428 

30-140 

437-444 

9-16 

Ice  Harbor 

324  to  330 

327 

30-140 

335-340 

8-13 

McNary 

175  to  146 

255 

110-300 

264-270 

9-15 

John  Day 

100  to  140 

150 

120-300 

160-166 

10-16 

The  Dalles 

68+/- 

NA 

120-300 

75-84 

NA 

Bonneville 

-60  to -16 

5 

120-300 

14-24 

9-19 
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3.4.8  Conclusions 

Biological  issues  must  be  resolved  before  any  additional  effort  should  be  expended  on  the  design  and 
construction  of  the  RTR.  This  alternative  would  likely  require  use  of  an  alternative  design  to  rock 
fill,  such  as  concrete  or  rock  with  a  concrete  cap  and  grout  between  voids.  If  relative  smooth  RTR 
surfaces  are  required,  economical  designs,  and  construction  options  should  be  evaluated. 

Other  issues  that  would  require  further  investigation  include  the  optimum  depth  of  fill,  or  desired 
elevation,  and  refinement  of  the  TDG  estimates  and  total  costs.  General  model  investigations  of 
each  specific  project  would  be  require  to  evaluate  the  impact  to  downstream  channel  stability, 
navigation  and  adult  and  juvenile  fish  passage.  The  displacement  of  habitat  to  other  fish  species 
such  as  sturgeon  that  utilize  the  deep  holes  below  the  spillways  must  also  be  considered.  Ice  Harbor, 
and  to  some  extent,  The  Dalles  can  be  used  as  prototypes  for  evaluation  of  biological  impacts  to  both 
juvenile  and  adult  migrants  of  the  raised  tailrace  options. 

3.5  Powerhouse/Spillway  Flow  Separation  Wall 

3.5.1  General 

Deflected  spillways  on  the  lower  Snake  and  Columbia  rivers  have  a  strong  potential  to  entrain  lateral 
flow  into  the  stilling  basin.  This  flow  is  drawn  from  the  sides  of  the  stilling  basin  below  the 
unbounded  spillbays  and  is  pulled  beneath  the  deflected  skimming  flow,  A  large  percentage  of 
powerhouse  flow  released  adjacent  to  the  spillway’s  stilling  basin  supplies  this  demand.  The 
entrainment  of  powerhouse  flows  into  the  stilling  basin  is  visually  evident  in  general  physical 
hydraulic  models  of  Ice  Harbor,  Lower  Granite,  and  John  Day,  as  well  as  in  the  field  at  the  four 
lower  Snake  River  facilities,  John  Day,  and  McNary  during  spillway  operations.  Near-field  tests  at 
Little  Goose  and  Ice  Harbor  indicate  as  much  as  100  percent  of  the  powerhouse  flow  can  be  drawn 
into  the  stilling  basin  under  certain  operating  conditions.  Results  from  near-field  TDG  performance 
test  conducted  below  John  Day,  McNary,  Ice  Harbor,  Lower  Monumental,  and  Little  Goose  show  the 
powerhouse  flows  entrained  within  in  the  spillway  are  exposed  to  aeration  and  pressures  that  cause 
this  flow  to  become  saturated  to  TDG  levels  typical  of  the  spillway  flow  itself. 

A  wall  constructed  between  the  powerhouse  and  spillway  will  prevent  powerhouse  flows  from 
becoming  entrained  and  aerated  within  the  spillway’s  stilling  basin.  The  resulting  partitioning  of 
project  flows  will  also  provide  the  lower  TDG  content  of  powerhouse  discharges  to  dilute  the  high 
TDG  pressures  generated  during  spillway  operations  within  the  developing  mixing  zone.  This 
alternative  does  not  reduce  the  level  to  which  the  spill  flows  become  saturated  with  dissolved  gasses 
but  reduces  the  total  volume  of  flow  exposed  to  aeration  and  elevation  of  TDG  pressure.  In  this  way, 
it  reduces  the  total  mass  of  TDG  produced  by  spill.  This  alternative  has  been  described  as  the 
powerhouse/spillway  separation  wall  but  may  also  be  considered  as  an  extension  of  the  existing 
powerhouse/spillway  training  wall. 

In  addition  to  the  gas  reduction  benefits  of  the  flow  separation  wall,  the  wall  will  prevent  juvenile 
fish  passed  through  the  turbines  from  being  drawn  into  the  spillway,  as  observed  at  McNary  during 
the  1999  turbine  survival  studies.  The  separation  wall  will  streamline  flow  released  from  the 
powerhouse  improving  current  flow  patterns  below  the  fishway  outfall  pipe  locations  and  will  reduce 
or  eliminate  large  eddies  that  might  otherwise  delay  juvenile  fish  egress  from  both  powerhouse  and 
spillway  tailrace  regions. 
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3.5.2  Design  Parameters 

Both  the  Lower  Granite  and  Ice  Harbor  general  models  were  used  to  establish  the  wall  length 
necessary  to  prevent  the  entrainment  of  powerhouse  flow  into  the  spillway  stilling  basins. 
Observations  of  dye  released  in  the  models  indicate  a  wall  length  of  approximately  1 50  feet 
extending  downstream  from  the  existing  powerhouse/spillway  training  walls  and  will  prevent 
powerhouse  flows  from  becoming  entrained  within  the  spillways  stilling  basin  over  the  entire 
operating  range. 

Because  the  Little  Goose  facility  has  the  greatest  potential  for  powerhouse  flow  entrainment, 
preliminary  designs  were  developed  for  a  powerhouse/spillway  flow  separation  wall  for  this  project. 
The  design  relies  on  field  observation  and  results  from  the  Lower  Granite  and  Ice  Harbor  model 
investigations  to  determine  the  overall  wall  length.  Two  concept  level  designs  were  developed. 

Both  designs  include  two  75-foot-long  concrete  monolithic  structures  that  are  post  tensioned.  The 
mass  concrete  walls  are  founded  on  bedrock.  The  top  of  the  wall  would  be  level  with  the  existing 
spillway/powerhouse  training  wall.  The  first  design  concept  utilizes  sheet  pile  to  construct  the  wall 
fonns  and  fills  the  form  with  mass  tremie  concrete.  This  wall  would  have  a  full  width  of  50  feet. 

The  second  design  concept  utilizes  pre-cast  concrete  cells  set  in  place  then  filled  with  tremie 
concrete.  This  wall  varies  in  width  from  50  feet  at  the  base  to  14  feet  at  the  surface.  A  variety  of 
other  designs  and  materials  could  also  be  used. 

Although  these  design  concepts  may  be  applied  genetically  to  other  projects,  project  specific  model 
studies  are  needed  to  verify  the  wall  length  and  to  determine  the  hydraulic  design  loads.  Tailrace 
conditions  must  also  be  evaluated  for  adult  fish  passage  and  channel  erosion  concerns.  The  design 
must  assure  the  wall  will  not  be  undermined  causing  failure  by  continued  erosion  of  the  tailrace 
channel. 

3.5.3  Model  Study  Investigations 

The  measurement  of  lateral  entrainment  flow  into  the  stilling  basin  was  conducted  in  the  1:55  scale 
Ice  Harbor  general  model.  The  general  model  reflects  the  current  “as  built”  conditions  with  flow 
deflectors  at  elevation  338  on  spillbays  2  through  9  with  end  bay  deflectors  (bays  1  and  10)  at 
elevation  334.  Results  from  this  study  at  Ice  Harbor  found  that  the  entrainment  rate  was  highly 
dependent  upon  the  spill  discharge  and  to  a  much  lesser  degree  tailwater  elevation  and  deflector  flow 
regime.  Conservative  estimates  of  entrainment  discharge  were  found  to  range  from  9.7  to  18.3  kefs 
or  from  15  to  24  percent  of  the  spillway  discharge.  The  degree  of  entrainment  was  found  to  be 
relatively  insensitive  to  powerhouse  operation.  If  powerhouse  discharge  is  not  sufficient  to  satisfy 
the  stilling  basin  demand,  an  eddy  just  downstream  of  the  powerhouse  is  formed  and  all  powerhouse 
flows  pass  through  the  highly  turbulent  and  aerated  flow  below  the  stilling  basin. 

An  evaluation  of  the  separator  wall  on  the  Ice  Harbor  general  model  shows  that  the  wall  prevents 
flow  from  being  drawn  into  the  stilling  basin  and  eliminates  the  formation  of  eddies  below  the 
powerhouse.  The  wall  improves  overall  tailrace  flow  patterns  by  directing  all  powerhouse  flows 
downstream. 

3.5.4  The  TDG  Performance 

The  TDG  perfonnance  of  a  separation  wall  is  best  quantified  by  changes  to  the  TDG  loading 
generated  at  a  project.  The  project  TDG  loading  is  dependent  upon  both  powerhouse  and  spillway 
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discharges.  The  separation  wall  will  provide  the  greatest  degree  of  improvement  at  projects  where 
there  is  a  large  entrainment  of  powerhouse  flow  into  the  stilling  basin  and  the  ambient  background 
TDG  pressures  are  low.  By  the  same  token,  the  degree  of  improvement  at  a  project  will  vary  in 
response  to  project  operation  and  TDG  conditions. 

The  fate  of  powerhouse  flows  entrained  into  the  stilling  basin  was  explored  during  the  Little  Goose 
TDG  exchange  field  study  conducted  in  February  1998.  The  average  TDG  saturation  in  the 
Columbia  River  at  the  tailwater  FMS  below  Little  Goose  was  observed  to  be  about  125.8  percent 
during  a  60  kefs  adult  spillway  release  with  no  powerhouse  flow  (100-percent  spill).  The  test  was 
repeated  by  adding  a  60  kefs  powerhouse  discharge  with  a  TDG  saturation  of  101  percent  along  with 
the  60  kefs  adult  spillway  (50-percent  spill).  The  50-percent  spill  event  resulted  in  an  average  TDG 
saturation  of  125.4  percent  or  about  the  same  conditions  that  were  generated  during  the  100-percent 
spill  event.  The  observations  from  this  study  support  the  conclusion  that  powerhouse  flows 
entrained  into  the  stilling  basin  can  experience  the  same  degree  of  TDG  exchange  as  water  passing 
over  the  spillway. 

The  separation  wall  will  prevent  powerhouse  flows  from  being  exposed  to  aerated  conditions  in  the 
stilling  basin.  In  addition,  powerhouse  releases  will  retain  the  TDG  levels  transported  to  the  project 
from  upstream  allowing  the  dilution  of  spillway  releases  in  the  developing  mixing  zone  downstream 
of  the  highly  aerated  flow  conditions.  The  mixing  of  powerhouse  discharges  into  aerated  spillway 
flows  downstream  of  the  separator  wall  is  anticipated  with  this  design.  However,  the  TDG  content 
of  powerhouse  releases  are  not  expected  to  be  significantly  influenced  by  this  interaction  since  the 
volume  and  vertical  distribution  of  entrained  bubbles  should  not  promote  high  TDG  exchange  rates. 
The  benefits  of  this  alternative  are  derived  by  not  gassing  up  powerhouse  releases.  If  the 
entrainment  of  powerhouse  flows  is  small  or  background  TDG  levels  high,  the  benefits  of 
partitioning  project  flows  with  a  separator  wall  will  be  small. 

This  alternative  will  not  improve  the  TDG  performance  of  an  existing  spillway  (i,e.,  readings  at 
tailrace  FMS  will  likely  remain  the  same  for  the  same  spill  level  and  total  river  discharge  unless  the 
FMS  is  positioned  to  read  powerhouse  water,  then,  you  might  expect  to  see  a  lower  reading  due  to 
lower  forebay  levels).  However,  preventing  entrainment  of  powerhouse  flow  will  limit  the  total 
volume  of  flow  being  supersaturated  with  dissolved  gasses  and  should  result  in  lower  observed 
pressures  in  the  receiving  pool  following  complete  mixing.  The  divider  wall  will  allow  the  mixing 
and  dilution  of  powerhouse  flows  with  spillway  flows  to  occur  further  downstream  where  there  is 
little  or  no  exposure  to  heavily  aerated  flow  and  high  hydrostatic  pressures.  Uncertainties  of  this 
alternative  include  the  following:  1)  the  influence  of  laterally  entrained  flows  on  deflector 
performance;  2)  the  extent  of  gassing  and  or  mixing  and  dilution  of  laterally  entrained  flows  that 
occur  within  the  basin;  3)  the  total  volume  of  flow  being  entrained  under  various  spillway  and 
powerhouse  operations;  and  4)  the  lateral  gradient,  rate,  and  extent  of  mixing  and  dilution  that  will 
occur  downstream.  Intensive  model  investigations  may  further  define  the  hydraulic  conditions  and 
interactions  of  spillway  and  powerhouse  flows  and,  thereby,  assist  in  defining  the  dissolved  gas 
benefits  of  this  alternative.  However,  verification  of  the  TDG  reduction  benefits  can  be  obtained 
only  through  prototype  testing, 

3.5.5  Risk  Assessment 

This  alternative  does  not  restrict  the  project  design  flood  capacity  or  threaten  project  stability.  It 
should  not  adversely  effect  navigation.  In  fact,  it  may  improve  navigation  by  more  uniformly 
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directing  powerhouse  and  spillway  flows  downstream.  The  divider  wall  will  prevent  any  juvenile 
salmonids  passing  through  the  powerhouse  or  bypassed  and  released  into  the  tailrace  from  becoming 
entrained  within  the  turbulent  and  possibly  high  gas  spill  releases.  By  streamlining  the  powerhouse 
flows,  eddies  below  the  powerhouse  that  may  delay  juvenile  fish  egress  are  eliminated  and  the 
current  flow  patterns  below  the  juvenile  fish  outfall  location  are  likely  to  be  directed  downstream.  If 
the  divider  wall  is  properly  designed  and  constructed  with  adequate  adult  fish  passage  facilities,  there 
may  be  no  negative  impacts  to  adult  salmonids. 

3.5.6  Operations 

The  installation  of  the  flow  separation  wall  should  not  impact  or  increase  project  O&M  cost.  This 
alternative  is  likely  to  be  a  passive  system  with  no  electrical  or  mechanical  features.  The  only 
operational  changes  that  might  occur  would  be  changes  in  spillway  distributions  and  turbine 
priorities.  These  changes  would  be  adjusted  to  provide  optimum  tailrace  flow  patterns  for  juvenile 
and  adult  fish  passage. 

3.5.7  Project  Applications 

The  powerhouse/spillway  flow  separation  wall  may  be  effectively  installed  at  all  study  projects 
configured  with  the  spillway  adjacent  the  powerhouse.  Bonneville  and  The  Dalles  projects  are  the 
only  study  projects  that  would  not  benefit  from  the  installation  of  the  flow  separation  wall  “need 
consistency  in  names  for  this  alternative.”  The  design  and  construction  costs  would  be  similar  for  all 
projects,  however,  the  length  and  height  may  vary. 

3.5.8  Conclusions 

The  spillway/powerhouse  separation  wall  alone  will  not  allow  the  projects  to  meet  the  water  quality 
standard.  It  will  not  reduce  the  saturation  of  spillway  flow,  but  it  will  reduce  the  total  gas  loading  of 
the  project  by  preventing  the  saturation  of  powerhouse  flows.  Other  advantages  of  this  alternative 
include  its  relatively  low  cost  and  improved  tailrace  flow  patterns  that  may  provide  more  rapid 
egress  of  juvenile  fish  through  powerhouse  and  spill  tailrace  regions.  Special  consideration  will  be 
required  during  the  design  process  to  limit  the  possibility  to  impacts  on  adult  fish  passage. 

It  has  been  recommended  that  the  divider  wall  alternative  be  developed  further  for  the  Little  Goose 
project  as  an  element  of  the  Dissolved  Gas  Abatement  Fast-track  Program.  The  Little  Goose  project 
has  the  greatest  propensity  to  entrain  powerhouse  flow  and  the  greatest  potential  to  reduce  the  TDG 
loading.  A  1:40  scale  sectional  spillway/powerhouse  model  and  a  1:55  scale  general  model  will  be 
constructed  at  WES.  These  models  will  be  used  to  develop  the  design  for  additional  spillway  flow 
deflectors  and  to  evaluate  the  design  and  hydraulic  flow  conditions  of  a  powerhouse/spillway  divider 
wall. 
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4.  Category  Two  Alternatives 

4.1  General 

Category  two  alternatives  have  the  potential  to  meet  the  state  and  Federal  water  quality  standards. 
They  include:  1)  submerged  conduits;  2)  baffled  chute  spillways;  3)  side  channel  spillways;  4)  pool 
and  weir  spillways;  and  5)  submerged  spillway  gates. 

The  target  design  discharge  for  these  alternatives  are  shown  in  Section  2.0.  None  of  the  alternatives 
meet  all  design  criteria,  but  all  are  expected  to  pass  the  target  design  discharge  without  exceeding 
TDG  supersaturation  levels  of  1 10  percent  (assuming  forebay  concentrations  do  not  exceed  110 
percent)  without  compromise  to  the  structural  integrity  or  operations  of  the  existing  system. 
However,  some  may  not  be  biologically  acceptable  passageways  for  fish. 

This  section  presents  preliminary  investigation  results,  discussion,  and  general  layout  of  the  design 
concepts  and  their  application  at  each  project. 

4.2  Submerged  Conduits 

4.2.1  General 

Submerged  conduits  constructed  through  the  concrete  spillway  monoliths  are  expected  to  pass 
without  increasing  the  TDG  concentrations  (Figure  4-1).  The  conduit  intake  must  be  designed  to 
prevent  the  formation  of  vortices  and  the  outlet  must  be  deep  enough  to  minimize  surface  turbulence. 
In  addition,  the  submerged  outlet  must  be  designed  to  maintain  near  positive  pressures  across  the 
control  gate  and  throughout  the  conduit  to  prevent  cavitation. 

There  is  concern  this  alternative  would  be  detrimental  to  juvenile  fish  passing  through  the  system. 
However,  it  may  be  possible,  during  operation  of  the  conduits,  to  simultaneously  provide  sufficient 
flow  over  the  spillway  crest  as  attraction  flow  for  the  juveniles.  Because  of  this  expected  operation, 
and  the  ability  of  flow  deflectors  to  minimize  the  saturation  of  spill  flow,  this  alternative  would  most 
likely  be  developed  with  flow  deflectors.  It  is  not  clear  if  spill  above  a  submerged  conduit  would 
reduce  to  acceptable  levels  the  risk  that  a  significant  portion  of  fish,  either  resident  or  migratory, 
would  not  pass  through  the  submerged  conduit.  Extensive  field  trials  using  a  prototype  structure 
would  be  necessary  to  adequately  assess  the  relative  risk  to  fish  health  of  this  alternative. 

4.2.2  Design 

Preliminary  designs  and  analyses  of  the  submerged  conduits  were  completed  for  Ice  Harbor,  John 
Day,  and  Bonneville  spillways.  The  conduit  cross-sections  were  initially  designed  with  a  gradual 
expansion  to  reduce  exit  velocities  to  near  or  below  30  feet  per  second  (ft/s).  The  conduits  are 
intended  to  operate  fully  open  or  fully  closed  to  minimize  internal  turbulence  and  potential  for 
cavitation  at  the  gate  lip.  Operation  with  the  gates  in  a  partially  open  position  will  generate  low 
pressures  and  result  in  cavitation  unless  air  is  added  just  below  the  gate.  If  air  were  added,  then  TDG 
supersaturation  would  occur.  Operation  with  partially  open  gates  would  also  add  to  fish  injury 
concerns.  Additional  required  features  not  shown  in  Figure  4-1  include  a  secondary  gate  or  bulkhead 
system  used  to  isolate  the  upstream  gate  for  maintenance  and  a  downstream  bulkhead  system  used  to 
isolate  the  conduit  for  inspections  and  any  required  lining  repairs. 
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Figure  4-1 .  Submerged  Discharge  with  Deflected  Spill 

4.2.3  Physical  Hydraulic  Model  Studies 

Physical  model  experiments  were  conducted  of  the  Ice  Harbor  design  and  of  a  revised  John  Day 
design.  These  experiments  were  conducted  to  determine  the  discharge  characteristics  of  the  conduit, 
to  examine  the  upstream  approach  velocities  in  the  vicinity  of  the  intakes,  and  to  investigate  the 
pressure  gradient  within  the  conduit.  The  Bonneville  design  has  not  been  modeled. 

4.2.3.1  Ice  Harbor 

The  Ice  Harbor  design  consisted  of  a  single  conduit  extending  partially  through  the  spillway, 
gradually  expanding  into  three  outlets  at  the  toe  of  the  spillway.  Observations  were  made  both  with 
and  without  deflected  spill.  When  operated  without  spill  discharge,  the  outlet  flows  remained  fully 
submerged  with  virtually  no  air  entrainment.  When  operated  with  deflected  spill,  the  submerged  jet 
appeared  to  support  the  deflected  flow  and  appeared  to  improve  deflector  performance.  Very  little 
air  was  entrained  with  low  levels  of  deflected  spill.  However,  higher  levels  of  deflected  flow  are 
likely  to  aerate  the  submerged  flow,  potentially  increasing  its  TDG  saturation  levels. 

Ice  Harbor  model  photos  are  shown  in  Figure  4-2.  The  top  photo  shows  5,000  cfs  per  bay  plunging 
to  the  stilling  basin  floor  without  deflectors  or  submerged  flow.  The  center  photo  shows  the  same 
discharge  spilling  over  deflectors  with  significant  air  entrainment  at  the  surface  but  little  entrained  air 
deep  in  the  stilling  basin.  The  bottom  photo  shows  submerged  flow  with  very  little  air  entrainment  at 
the  surface  and  virtually  no  air  bubbles  below  the  surface.  Approximately  3,200  cfs  is  passed 
through  the  submerged  conduit  and  1 ,700  cfs  per  bay  over  the  spillway. 
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Figure  4-2.  Ice  Harbor  Sectional  Spillway  Model  -  Visual  Comparison  of  Non-deflected 
Spill,  Deflected  Spill,  and  Submerged  Discharge 


H:\WP\1346\Appeiidices\FEIS\E  -  Major  Svs  InspXC^iuRdyUtes^esVbmes  C\AimexC.doc 


E-C-29 


Appendix  E 


The  Ice  Harbor  model  did  not  include  a  detailed  gate  design  and  was  at  a  scale  that  may  have  been 
too  small  to  accurately  measure  pressure  gradients.  However,  piezometers  were  installed  and 
extremely  negative  pressures  were  measured  within  the  conduit.  A  negative  pressure  of  minus  20 
feet  of  water  indicates  a  potential  for  cavitation;  negative  pressures  much  greater  than  this  were 
recorded. 

4.2.3.2  John  Day 

Because  of  extreme  negative  pressures  measured  in  the  Ice  Harbor  model,  the  original  designs  were 
revised  and  modeled  in  a  larger  1:25  scale  sectional  model  of  the  John  Day  spillway.  This  design 
has  two  conduits  constructed  within  a  single  spillbay.  The  flow  enters  each  conduit  through  a  corbel 
entrance  converging  to  26-foot-long  rectangular  section  that  expands  laterally  and  contracts 
vertically  to  the  toe  of  the  spillway  to  provide  an  opening  4  feet  high  and  1 8  feet  wide.  The 
contraction  is  necessary  to  maintain  positive  pressures  throughout  the  conduit.  The  control  gates  are 
located  at  the  downstream  end  of  the  rectangular  section.  The  total  maximum  discharge  through  two 
conduits  is  1 0,200  cfs  with  a  head  differential  of  1 1 0  feet  and  an  exit  velocity  of  7 1  ft/s.  Pressures 
measured  throughout  the  conduits  were  sufficient  to  prevent  cavitation. 

Spillway  stability  is  a  concern  of  this  alternative.  A  stability  analysis  of  the  revised  John  Day  design 
was  not  completed  but  an  assessment  by  Corps’  structural  engineers  concluded  that  deficiencies 
could  be  overcome  through  the  design  process  and  that  this  alternative  would  be  feasible  to 
construct. 

4.2.4  The  TDG  Performance 

The  TDG  performance  of  the  submerged  spillway  discharge  in  combination  with  deflected  flow  will 
be  dependent  on  the  ratio  and  interaction  of  submerged  spill  to  deflected  spill.  The  submerged  outlet 
design,  project  operations,  and  TDG  performance  estimates  are  project  specific.  This  alternative 
could  meet  the  water  quality  standards  if  sufficient  capacity  were  provided  with  very  little  or  no 
discharge  over  the  spillway.  Such  an  operation  developed  for  reducing  gas  saturation  would  also 
minimize  or  eliminate  spill  passage,  potentially  exposing  all  of  the  migrating  population  to  either 
turbines  or  submerged  conduits,  neither  of  which  are  preferred  dam  passage  alternatives  at  this  time. 

4.2.5  Risk  Assessment 

The  submerged  discharge  alternative  does  not  affect  the  spillway  flow  capacity  or  the  stilling  basin 
capacity  to  dissipate  energy.  It  is  not  expected  to  cause  any  adverse  impacts  to  navigation  or  the 
upstream  migration  of  adult  salmon.  The  energy  of  flow  from  the  submerged  outlets  is  adequately 
dissipated  within  the  stilling  basin  and  may  release  less  turbulent  energy  into  the  downstream 
channel  than  deflected  spillway  discharges.  As  a  result  it  should  not  increase  the  potential  for  stilling 
basin  or  downstream  channel  erosion. 

4.2.5.1  Cavitation  and  Maintenance 

If  properly  designed,  high-head-submerged  sluiceways  should  not  have  extreme  negative  pressures. 
Extremely  tight  construction  tolerances  will  be  required  to  minimize  local  discontinuities  that  can 
contribute  to  extreme  negative  pressures.  Many  high-head  conduits  have  severe  cavitation  problems 
caused  by  high,  negative  pressures.  Unchecked,  cavitation  can  lead  to  catastrophic  failure.  In 
addition  to  a  potential  for  cavitation,  there  are  safety  concerns  associated  with  the  feasibility  of 
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inspecting  and  maintaining  submerged  conduits.  Inspection  and  maintenance  essentially  requires 
placement  of  bulkheads  and  de-watering  the  structure.  The  intake  depth  and  potential  for  unexpected 
spill  requirements  make  this  a  costly  and  possibly  a  risky  undertaking. 

4.2.S.2  Juvenile  Fish 

Regional  biologists  are  concerned  for  juvenile  fish  passing  through  submerged  conduits.  A  study  by 
the  Oregon  Department  of  Fish  and  Wildlife  in  1992  at  Fall  Creek  in  the  Willamette  River  suggested 
70-percent  mortality  of  spring  chinook  juveniles  that  passed  through  submerged  sluiceways  at  high- 
head  discharge,  and  a  30-percent  mortality  at  low-head  discharge.  Mortality  may  occur  from  injuries 
associated  with  high  shear  zones  created  by  flow  separation  at  the  intake  gates  and  outlets,  and 
abrupt  changes  in  pressure  gradient.  Because  it  is  not  possible  to  isolate  the  cause  of  mortality 
experienced  within  the  Fall  Creek  conduits,  a  direct  comparison  and  assessment  of  the  conceptual 
submerged  conduit  designs  is  not  possible  using  existing  information.  The  depth  of  the  intake  may 
limit  juvenile  fish  passage  through  the  conduits,  and  surface  spill  above  the  conduit  may  further 
reduce  the  number  of  juvenile  fish  drawn  into  the  submerged  flows.  However,  it  is  unreasonable  to 
expect,  with  the  large  volume  of  flow  through  the  conduits  that  juvenile  passage  would  not  be  a 
concern.  An  analysis  of  the  benefits  of  submerged  flow  at  low  TDG  concentration  versus  the  risk  of 
direct  and  indirect  mortality  to  fish  passing  through  conduits  would  be  necessary  prior  to 
implementation  and  would  require  studies  on  prototype  structures  since  available  information  is 
inadequate. 

4.2.6  Operations 

As  currently  designed,  a  single  gate  controls  flow  to  each  conduit.  This  allows  for  a  great  deal  of 
flexibility  in  operations.  The  submerged  conduits  would  most  likely  operate  in  conjunction  with 
deflected  spill  but  could  also  be  operated  without  spill.  One  potential  operational  strategy  is  to  spill 
up  to  the  120  percent  spill  cap,  then  simultaneously  open  the  submerged  sluices  and  increase  spill 
while  maintaining  120  percent  TDG  at  the  downstream  fixed  monitor. 

The  submerged  conduits  will  require  frequent  inspections  and  will  increase  O&M  costs. 

4.2.7  Project  Applications 

Submerged  conduits  similar  to  those  modeled  in  the  John  Day  1:25  scale  sectional  spillway  model 
can  be  constructed  on  each  of  the  four  lower  Snake  River  facilities  and  John  Day.  The  total  project 
head  at  McNary,  The  Dalles,  and  Bonneville  is  lower  than  John  Day  so  it  is  likely  these  projects 
would  require  larger  or  additional  conduits  to  pass  similar  volumes  of  discharge.  Table  4-1  has  been 
developed  using  the  discharge  rating  curve  developed  for  the  John  Day  conduit  design.  This  table 
shows  the  number  of  spillbays  that  would  be  modified  with  submerged  conduits  to  approach  or 
achieve  the  design  discharge  criteria  shown. 
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Table  4-1.  Submerged  Conduit  Design  Discharges 


Project 

Project 

Head 

Discharge  Per 
Conduit  (pair) 

No.  of  Bays 
Modified 

Target  Design 
Discharge 

L.  Granite 

100 

9,600 

8 

76,800 

98,000 

L.  Goose 

100 

9,600 

8 

76,800 

102,000 

L.  Monumental 

100 

8 

Ice  Harbor 

100 

10 

1 

McNary 

85 

22 

194,700 

209,000 

John  Day 

100 

9,600 

14 

128,000 

The  Dalles 

80 

8,700 

22 

185,000 

Bonneville 

55 

7,300 

18 

131,400 

139,000 

Although  the  total  conduit  discharge  shown  may  fall  short  of  meeting  the  target  design  discharge  for 
some  projects,  this  design  could  easily  be  modified  to  meet  the  project  specific  design  discharges. 

4.2.8  Conclusions 

Submerged  conduits  can  be  constructed  through  the  existing  spillway  bays  of  each  of  lower  Snake 
and  Columbia  river  projects.  Although  these  conduits  have  been  sized  to  pass  the  required 
discharge,  it  is  uncertain  that  they  will  pass  this  flow  without  exceeding  the  state  and  Federal  water 
quality  standards.  Because  of  observed  negative  fish  impacts  for  other  submerged  conduits  and  the 
need  for  extended  biological  testing  of  prototype  structures  prior  to  accurate  assessment  of  risks  to 
passing  fish,  there  are  no  recommendations  to  further  develop  this  alternative  unless  fish  passage 
issues  are  resolved  through  biological  testing. 

4.3  Baffled  Chute  Spillway 

4.3.1  General 

A  baffled  chute  spillway  (see  Figure  4-3)  dissipates  flow  energy  along  the  spillway  slope  and 
prevents  aerated  flow  from  plunging  deep  into  the  receiving  channel.  Offset  rows  of  baffle  blocks 
partially  obstruct  the  flow  generating  turbulence  as  the  water  flows  down  the  chute.  The  velocity 
and  energy  of  flow  entering  the  downstream  channel  is  relatively  low  and  limits  the  depth  to  which 
air  can  be  entrained.  Baffled  chute  spillways  can  lower  the  TDG  concentrations  of  forebay  water  by 
aerating  the  entire  water  column  at  shallow  depths. 

However,  the  turbulent  flow  conditions  and  potential  impact  with  baffles  were  judged  to  pose 
unacceptable  risk  for  high  rates  of  injury  to  downstream  migrating  juvenile  fish  and  adult  upstream 
migrants  that  might  fall  back  through  the  spillway. 
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4.3.2  Design 

A  500-foot  wide  baffled  chute  spillway  was  designed  for  the  earthen  non-overflow  section  of  Little 
Goose.  The  spillway  designed  for  Little  Goose  has  a  maximum  unit  discharge  of  200  cfs/ft  and  a 
total  design  discharge  of  100,000  cfs.  It  has  a  gated  intake  structure  with  a  short  deep  channel 
leading  to  the  spillway  chute.  The  spillway  chute  has  a  2.3  horizontal  to  1  vertical  slope  and  includes 
13  rows  of  baffles  with  17  baffles  per  row.  The  base  of  the  chute  would  be  founded  on  bedrock.  No 
stilling  basin  is  required  with  this  type  of  spillway  because  the  energy  of  flow  is  dissipated  on  the 
baffles.  Though  the  design  is  specific  to  Little  Goose,  the  concept  and  baseline  cost  estimates  would 
be  similar  for  the  other  lower  Snake  and  Columbia  river  projects  with  large,  earthen  non-overflow 
sections. 

4.3.3  Model  Study  Investigations 

A  model  study  of  the  baffled  chute  spillway  has  not  been  conducted.  Should  this  alternative  be 
developed  further,  both  sectional  and  general  model  investigations  will  be  required.  The  sectional 
model  investigations  could  be  completed  within  a  1:40  scale  model  flume.  This  model  would  be 
used  to: 


•  Develop  the  spillway  intake  and  control  structures. 

•  Define  the  baffle  block  geometry,  size,  and  arrangement, 

•  Define  the  necessary  spillway  chute  width  and  slope. 

•  Evaluate  the  energy  dissipation  characteristics  and  develop  any  necessary  additional  channel 
protection  features, 

•  Evaluate  general  hydraulic  flow  conditions  and  potential  for  TDG  production. 

It  is  likely  that  a  single  sectional  model  study  could  be  conducted  for  the  four  lower  Snake  River 
projects,  McNary,  and  John  Day.  Separate  investigations  would  be  required  for  The  Dalles  and 
Bonneville  because  of  significant  differences  in  total  hydraulic  head  and  general  project  layout. 
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General  or  comprehensive  model  investigations  would  be  necessaiy  for  each  individual  project. 
These  models  would  be  used  to: 

•  Verify  the  baffled  chute  spillway  location. 

•  Evaluate  tailrace  flow  patterns  and  potential  influence  on  adult  and  juvenile  fish  passage  and 
navigation. 

•  Develop  additional  structural  features  such  as  adult  fishway  channels  and  navigation 
improvement  structures. 

•  Evaluate  approach  flow  conditions  and  development  of  juvenile  screening  and  bypass 
structures  if  needed. 

•  Establish  project  operations  for  the  benefit  of  juvenile  and  adult  passage  as  well  as 
navigation. 

4.3.4  Project  Applications 

The  Little  Goose  baffled  chute  spillway  design  can  easily  be  applied  to  any  of  the  lower  Snake  and 
Columbia  river  projects  with  a  large  earthen  non-overflow  section.  However,  because  of  fish 
passage  issues,  no  additional  effort  has  been  given  to  evaluate  this  alternative  beyond  the  design  of 
Little  Goose. 

4.3.5  The  TDG  Performance 

The  baffled  chute  spillway  generates  extremely  turbulent  and  highly  aerated  flow  down  the  spillway 
chute  and  has  potential  to  reduce  TDG  concentrations  below  that  of  the  forebay  water  entering  the 
spillbay.  The  residual  energy  of  flow  entering  the  receiving  pool  is  reduced  and  limits  the  depth  of 
air  entrainment.  Though  the  actual  performance  of  a  baffled  chute  spillway  can  only  be  determined 
through  prototype  testing,  it  is  expected  that  flows  through  the  structure  would  be  de-gassed  to 
concentrations  equal  to  or  below  105-percent  TDG,  and  the  saturation  of  flows  entering  the  receiving 
pool  should  not  exceed  1 1 0-percent  TDG. 

4.3.6  Risk  Assessment 

Biologists  believe  a  baffled  chute  spillway  would  be  harmful  to  juvenile  and  adult  fish.  However, 
there  is  little  information  to  either  directly  support  or  contradict  this  opinion.  A  prototype  structure 
would  be  required  to  test  assumptions  about  the  biological  performance  of  baffled  chute  spillways. 
This  alternative  will  not  limit  or  restrict  the  capacity  of  existing  spillways.  The  energy  of  flow  would 
be  adequately  dissipated  so  there  would  be  no  threat  to  the  structural  integrity  of  the  project  or 
concern  for  downstream  erosion. 

4.3.6.1  Adult  Fish  Passage 

The  relatively  low-velocity  flow  exiting  the  baffled  chute  spillway  could  attract  adult  fish  towards 
the  spillway  and  could  delay  the  migration  of  these  fish.  The  baffled  chute  would  need  to 
incorporate  design  features  that  could  minimize  migratory  delay  of  adult  fish.  Effective  designs 
could  be  difficult  to  accomplish  due  to  the  overall  width  of  the  spillway  chute  and  the  low  flow 


H:\WP\1 346\Appcndiccs\FEIS\E  -  Major  Sys  Imp\CamRdy\Annc\es\Anncx  C\AnncxC.doc 


E-C-34 


Appendix  E 


velocities  exiting  the  chute.  In  addition  to  the  upstream  migration  delay  concerns,  adult  fish  could 
suffer  fatal  injuries  caused  by  impact  with  baffle  blocks. 

4.3.6.2  Juvenile  Fish  Passage 

Injury  may  result  to  juvenile  fish  passing  through  the  baffled  chute  spillway  from  direct  impact  with 
the  concrete  baffle  blocks  and  shear  within  the  extremely  turbulent  flow.  There  may  also  be  an 
unacceptable  high  indirect  mortality  of  juvenile  fish.  Juvenile  fish  may  be  exposed  to  high  level  of 
predation  by  birds  and  fish  in  the  tailrace  downstream  of  the  spillway.  The  relatively  low-velocity 
flow  existing  the  spillway  and  tailrace  channel  may  not  be  sufficiently  high  to  act  as  a  velocity 
barrier  for  predators  such  as  pike  minnows  and  may  not  provide  adequate  egress  of  temporarily 
disabled  fish  from  the  tailrace  resulting  in  a  tailrace  environment  very  risky  to  juvenile  migrants. 
Unless  juvenile  fish  could  be  excluded  or  guided  away  from  the  structure  or  the  direct  and  indirect 
injury  and  mortality  resulting  from  the  baffled  spillway  would  be  offset  by  TDG  reduction  benefits, 
this  alternative  will  not  likely  be  accepted.  Information  to  assess  tradeoffs  between  TDG  reduction 
benefits  and  direct  and  indirect  biological  impacts  does  not  exist  and  would  have  to  be  acquired  by 
biological  studies  using  a  prototype  structure. 

4.3.6.3  Navigation 

Impacts  to  navigation  will  depend  on  the  relative  location  of  the  spillway  release  to  the  navigation 
channel  and  must  be  evaluated  on  a  project-by-project  basis.  A  baffled  spillway  constructed  within 
the  earthen  non-overflow  section  adjacent  a  navigation  lock  will  likely  have  a  greater  influence  on 
navigation  than  one  constructed  away  from  the  navigation  lock. 

4.3.7  Operations 

Unless  juvenile  fish  are  prevented  from  entering  the  structure  during  operation,  or  unless  testing  of 
die  biological  performance  of  a  prototype  structure  demonstrated  acceptable  biological  performance, 
it  is  not  likely  the  baffle  chute  spillway  would  be  operated  until  the  existing  spill  system  begins  to 
generate  lethal  levels  of  dissolved  gas.  The  spillway  will  require  additional  O&M  facilities  as  well 
as  an  increased  O&M  budget, 

4.3.8  Conclusions 

The  baffled  chute  spillway  has  not  been  accepted  as  a  gas  abatement  alternative  by  the  regional 
fisheries  agencies  because  of  the  potential  for  injury  to  juveniles  and  adults  that  may  pass  or  fall¬ 
back  through  the  system.  However,  the  baffled  chute  spillway  would  be  very  effective  at  preventing 
saturation  of  TDGs  and  would  have  the  potential  to  provide  spill  flows  without  exceeding  the 
spillcaps.  It  could  be  considered  for  the  prevention  of  high  gas  saturation  during  extremely  high 
inv  oluntaiy  spill  events,  if  the  gas  reduction  benefits,  which  would  provide  a  safer  river  environment 
for  resident  and  migratory  fish,  outweigh  the  risk  of  injury  to  juveniles  and  adults  during  passage 
through  the  spillway.  Because  of  the  high  risk  of  injury  to  juvenile  and  adult  fish  that  might  pass 
through  the  spillway,  there  are  no  recommendations  to  further  develop  this  alternative. 
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4.4  Side  Channel  Spillway 

4.4.1  General 

A  side  channel  spillway  can  be  used  in  conjunction  with  an  existing  spillway  to  limit  dissolved  gas 
concentrations  below  dams  and  assist  in  passing  large  project  design  flows.  The  side  channel 
spillway  is  designed  to  pass  low  unit  discharges  into  a  shallow  stilling  basin  where  energy 
dissipation  occurs  over  the  slope  of  the  spillway  and  within  the  shallow  basin.  A  stilling  basin  depth 
of  10  feet  is  expected  to  limit  the  saturation  of  dissolved  gasses  to  1 10  percent  TDG  or  less. 

4.4.2  Design 

Two  concept  designs  for  the  side  channel  spillway  at  Lower  Granite  have  been  developed.  One 
features  a  smooth  spillway  slope  (Figure  4-5),  and  the  other  consists  of  a  stepped  slope  (Figure  4-6). 
The  designs  are  similar  with  exception  of  the  spillway  slope  and  overall  crest  length.  The  stepped 
spillway  allows  a  higher  unit  discharge  and  reduces  the  crest  length  necessary  to  pass  the  design 
flows.  As  designed,  the  intake  gates  would  be  constructed  within  the  existing  earthen  non-overflow 
section  of  the  dam.  Both  designs  were  developed  for  a  total  hydraulic  head  of  80  feet  and  a 
maximum  discharge  of  approximately  100,000  cfs.  The  design  consists  of  a  gated  intake  structure 
leading  to  a  side  distribution  channel  with  an  uncontrolled  spillway  crest.  The  spillway  crest  would 
be  constructed  along  the  north  shore.  A  stilling  basin  with  an  end  sill  is  required  to  adequately 
dissipate  the  energy  of  flow.  The  stepped  spillway  can  release  higher  unit  flows  with  lower  energy 
into  the  stilling  basin  and  would  require  half  the  spillway  length  of  the  smooth  sloped  spillway.  Both 
spillway  types  have  been  designed  for  a  maximum  required  stilling  basin  depth  of  10  feet. 

4.4.2.1  Smooth  Sloped  Spillway 

The  maximum  stilling  basin  depth  criteria  of  10  feet  restricts  the  unit  discharge  over  the  smooth 
sloped  spillway  to  30  cfs/ft.  A  spillway  crest  length  of  approximately  3,300  feet  would  be  required 
to  pass  a  design  flow  of  100,000  cfs.  The  80-foot  drop  results  in  highly  aerated  water  on  the 
spillway  chute.  The  exit  velocity  and  depth  at  the  toe  of  the  spillway  are  approximately  68  ft/s  and 
0.4  feet,  respectively.  A  tail  water  depth  of  10  feet  will  force  the  hydraulic  jump  at  the  toe  of  the 
spillway  (Figure  4-4). 


Figure  4-4.  Side  Channel  with  a  Smooth  Slope  Spillway 
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4A.2.2  Stepped  Sloped  Spillway 

The  stepped  spillway  dissipates  much  more  energy  over  the  spillway  steps.  Because  of  the  increased 
rate  of  energy  dissipation,  higher  unit  discharges  can  be  achieved  without  increasing  the  depth 
required  to  force  and  contain  the  hydraulic  jump.  The  stepped  spillway  with  4-foot  high  steps  on  a 
2h;lv  slope  can  discharge  up  to  60  cfs/ft  without  exceeding  the  necessary  tailwater  depth  of  10  feet. 
This  spillway  would  require  a  crest  length  of  approximately  1,600  feet  for  a  discharge  of  a  100,000  cfs 
(Figure  4-5). 


Figure  4-5.  Side  Channel  with  a  Stepped  Slope  Spillway 


4.4.3  Physical  Hydraulic  Modeling 

The  stepped  spillway  chute  was  modeled  at  a  1:8  scale.  The  model  was  constructed  with  horizontal 
to  vertical  slopes  of  1:1,  2:1,  and  3:1,  with  step  heights  of  2  and  4  feet.  A  maximum  discharge  of  85 
cfs/ft  with  a  total  hydraulic  head  of  80  feet  was  tested.  In  an  effort  to  improve  juvenile  fish  passage 
conditions,  fillets  were  later  added  to  the  2:1  and  3:1  sloped  spillways  to  reduce  eddies  that  form 
within  the  step  pockets.  The  2:1  and  3:1  sloped  spillways,  with  and  without  the  fillets,  were  able  to 
pass  a  maximum  discharge  of  60  cfs/ft  without  exceeding  a  10-foot  jump  depth.  The  mean  velocities 
measured  at  the  end  the  spillway  chute  ranged  from  30  to  40  ft/s.  For  both  the  fillet  and  non-fillet, 
the  spill  flow  reached  a  normal  flow  condition  well  above  the  tailwater  surface  indicating  the  design 
would  produce  similar  hydraulic  flow  conditions  for  higher  head  projects.  General  model  study 
investigations  and  a  detailed  model  of  the  spillway  intake  structure  would  be  required  for  a  complete 
design  and  evaluation  of  this  alternative. 

4.4.4  The  TDG  Performance 

The  side  channel  spillway  alternatives  are  designed  with  low  unit  discharges  that  allow  shallow 
stilling  basin  depths  to  adequately  dissipate  the  energy  of  flow.  The  shallow  depths  limit  the 
hydrostatic  pressures  acting  on  the  aerated  flow  and  reducing  the  potential  for  supersaturated  TDG. 
Theoretically,  a  maximum  saturation  level  of  110  percent  can  be  achieved  in  1  meter  of  depth, 
increasing  10  percent  with  each  additional  meter.  If  fully  saturated,  the  mean  TDG  concentration 
through  a  2-meter  column  of  water  would  be  1 10  percent.  However,  flow  discharging  into  a  stilling 
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basin  becomes  extremely  turbulent  and  heavily  aerated.  The  turbulent,  aerated  flow  conditions  near 
the  surface,  increases  the  rate  of  degassing  and  may  allow  air  to  be  entrained  at  depths  greater  than  2 
meters  without  exceeding  a  mean  saturation  level  of  1 10  percent.  In  addition,  the  aeration  of  flow 
down  the  spillway  chute  would  provide  for  degassing  of  high  forebay  TDG  concentrations. 

4.4.5  Risk  Assessment 

The  construction  of  a  side  channel  spillway  may  have  negative  impacts  to  juvenile  and  adult  fish 
passage  and  navigation.  The  side  channel  spillways  do  not  limit  or  restrict  the  capacity  of  existing 
spillways.  With  a  properly  designed  stilling  basin,  there  should  be  no  threat  to  the  structural  integrity 
of  the  project  or  concerns  for  downstream  erosion. 

4.4.5.1  Adult  Fish  Passage 

Adult  fish  seeking  upstream  passage  through  the  lower  Snake  and  Columbia  river  projects  respond  to 
tailrace  hydraulic  conditions  below  each  dam.  Ideally,  river  currents  guide  adult  fish  to  the  fishway 
entrances  adjacent  the  spillways  and  powerhouses.  Cross  current  flows  discharging  from  a  side 
channel  spillway  may  change  the  tailrace  flow  conditions.  Relatively  low  velocity  flow  exiting  the 
'  spillways’  stilling  basin  may  attract  adults  toward  the  spillway  possibly  resulting  in  passage  delays. 
The  side  channel  spillways  may  need  to  be  designed  with  adult  fish  passage  structures  to  minimize 
delay.  The  shallow  flow  down  the  chute  of  the  smooth  sloped  spillway  might  pose  a  greater  threat  of 
injury  from  abrasion  to  adult  fallbacks  and  kelts  that  to  considerably  smaller  juveniles. 

4.4.5.2  Juvenile  Fish  Passage 

The  smooth  sloped  spillway  has  a  maximum  unit  discharge  of  30  cfs/ft.  The  maximum  velocity  and 
depth  of  flow  down  the  chute  of  the  spillway  is  64  ft/s  and  0.4  feet,  respectively.  The  high  velocity 
combined  with  the  shallow  depths  may  cause  abrasion  and  de-scaling  of  juvenile  fish  passing  over 
the  spillway.  The  potential  for  injury  would  likely  increase  as  die  depth  of  flow  decreases  with  less 
spill  discharge. 

The  stepped  spillway  has  a  maximum  unit  discharge  of  60  cfs/ft.  The  flow  over  the  spillway 
develops  into  a  cascading  flow  with  mean  velocities  down  the  chute  of  30  to  40  ft/s.  The  mean  depth 
of  normal  flow  (yn)  ranges  from  2  to  2.9  feet  for  the  2:1  and  3:1  slopes.  Though  the  velocity  of  flow 
is  less  than,  and  the  depth  of  flow  greater  than  that  of  the  smooth  spillway,  injuiy  may  result  from 
turbulence.  Parabolic  fillets  inserted  in  the  pocket  of  the  steps  may  improve  fish  passage  conditions 
by  eliminating  the  formation  of  intense  eddies  that  could  otherwise  entrain  and  retain  juvenile  fish. 

4.4.5.3  Navigation 

As  currently  designed,  the  side  channel  spillways  would  release  discharge  perpendicular  to  the  river 
channel.  The  cross  channel  flows  may  significantly  change  tailrace  hydraulic  conditions  and  may 
impede  navigation,  depending  on  the  spillway  layout.  The  effect  on  navigation  must  be  evaluated  on 
a  project-by-project  basis.  This  evaluation  would  require  additional  design  efforts  and  general  model 
study  investigations. 

4.4.6  Operations 

The  side  channel  spillway  would  most  likely  be  operated  when  TDG  levels  generated  by  the  existing 
spillway  discharge  begin  to  exceed  acceptable  concentrations.  The  two  systems  would  then  be 
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operated  in  a  manner  that  provides  the  lowest  combined  gas  levels  while  maintaining  acceptable 
tailrace  conditions  for  both  adult  and  juvenile  fish  passage.  Because  of  the  potential  for  very  shallow 
flow  down  the  chute  for  the  smooth  sloped  spillway  and  overflow  depth  for  the  step  crests,  it  is  likely 
that  a  threshold  on  unit  discharge  would  be  a  feature  of  operation  of  these  types  of  spillways.  The 
side  channel  spillway  might  allow  greater  spill  levels  for  juvenile  fish  passage  and  may  result  in 
reduced  powerhouse  generation  during  the  spring  and  summer  out-migration  period. 

The  new  structure  will  require  additional  O&M  facilities  as  well  as  O&M  cost. 

4.4.7  Project  Applications 

The  side  channel  spillway,  either  smooth  sloped  or  stepped  sloped,  could  be  constructed  at  most 
Lower  Snake  and  Columbia  river  projects.  Because  of  the  general  project  layout  and  space 
constraints  of  the  Bonneville  it  would  be  difficult  to  construct  a  side  channel  spillway  of  the 
magnitude  required  to  meet  the  water  quality  standards. 

4.4.8  Conclusions 

Side  channel  spillways,  can  be  designed  to  meet  the  state  and  Federal  water  quality  standards. 
However,  impacts  to  juvenile  and  adult  passage  are  uncertain.  Clarification  of  potential  impacts  to 
fish  would  require  construction  and  biological  testing  for  delay  of  upstream  migration,  injury  to  adult 
fallbacks  and  kelts,  and  injury  to  downstream  migrating  juvenile  fish.  The  shallow  stilling  basins 
and  shallow  tailrace  could  expose  juvenile  migrants  to  indirect  passage  impacts  greater  than  those 
observed  for  current  spillway  designs.  Indirect  passage  impacts  would  include  increased  exposure  to 
avian  and  fish  predators,  which  might  be  exacerbated  by  a  slow  egress  from  the  shallow  stilling  basin 
and  tailrace  regions.  The  consensus  of  opinion  by  fish  passage  biologists  is  that  these  types  of 
structures  have  the  potential  for  unacceptable  high  injury  and  other  biological  impacts  to  adult  and 
juvenile  fish.  Because  of  these  biological  concerns,  there  are  no  recommendations  to  develop  this 
alternative  further. 

4.5  Pool  and  Weir  Channel 

4.5.1  General 

The  pool  and  weir  channel  (drop  pool  spillway)  alternative  is  intended  to  reduce  the  generation  of 
dissolved  gas  while  providing  safe  fish  passage.  The  design  concept  incrementally  dissipates  the 
energy  of  flow  by  discharging  over  low  head  weirs  into  large  receiving  pools.  The  incremental  drop 
structures  limit  the  energy  of  flow  entering  the  receiving  pools  and  the  potential  for  aerated  water  to 
be  drawn  to  depth. 

This  alternative  was  addressed  in  the  Phase  I  Gas  Abatement  Report  as  a  means  of  reducing 
voluntary  spill  requirements  by  providing  an  alternate  fish  passage  route.  The  concept  did  not  appear 
feasible  except  for  relatively  low  design  discharges  and,  therefore,  was  not  recommended  for  further 
evaluation.  The  alternative  was  revived  at  the  request  of  the  state  and  Federal  water  quality  agencies 
and  evaluated  for  design  discharges  that  would  achieve  water  quality  standards.  A  concept  level 
design  of  a  pool  and  weir  channel  was  presented  to  regional  fishery  agencies  who  unanimously  ruled 
out  this  alternative,  because  of  the  potential  for  juvenile  and  adult  fish  delays  within  the  series  of 
pool  areas.  In  general,  these  types  of  fish  passage  designs  also  pose  the  risk  of  providing  habitat  for 
predators  within  the  pools  thereby  increasing  the  risk  of  direct  injury  and  mortality  to  juvenile 
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migrants  and  poor  egress  of  juvenile  migrants  through  tailrace  regions  which  also  increases  the 
potential  for  indirect  injury  and  mortality.  This  alternative  is  discussed  but  will  not  be  developed 
further. 

4.5.2  Design 

This  concept  is  conceived  as  a  large  fish  ladder,  designed  to  meet  water  quality  standards  while 
providing  hydraulically  safe  juvenile  and  adult  fish  passage  conditions.  The  additional  channel 
capacity  required  to  meet  water  quality  standards  is  as  much  as  100,000  cfs  for  the  lower  Snake 
River  projects  and  as  high  as  200,000  cfs  for  the  Columbia  River  projects  and  must  be  passed 
without  generating  TDG  levels  greater  than  1 10  percent. 

Current  accepted  design  criteria  for  adult  fish  ladders  limit  the  head  differential  between  pools  to  1 
foot  or  less  and  the  rate  of  energy  dissipation  to  10  foot-pounds  per  second  (ft-lbs/s)  per  cubic  foot  of 
pool  volume.  This  requires  between  75  and  100  pools,  depending  on  the  specific  project,  or  one  pool 
for  each  foot  of  head  differential  between  forebay  and  tail  water  elevations.  With  a  submerged  weir 
depth  between  pools  of  25  feet,  the  weir  crests  would  need  to  be  nearly  625  feet  wide  to  pass 
100,000  cfs  and  1,250  feet  wide  to  pass  200,000  cfs.  To  meet  the  fish  passage  energy  dissipation 
criteria,  each  receiving  pool  would  require  a  total  volume  of  nearly  1,600,000  cubic  feet  for  100,000 
cfs  flows  and  3,200,000  cubic  feet  for  200,000  cfs  flows. 

A  40-foot-deep  pool  would  have  to  be  nearly  65  feet  long  for  a  total  channel  length  of  over  6,500 
feet,  assuming  a  project  head  differential  of  100  feet.  These  pool  dimensions  are  the  minimum 
required  to  meet  the  NMFS’s  head  differential  and  energy  dissipation  criteria  and  are  given  only  to 
indicate  the  magnitude  and  size  of  this  alternative.  The  channel  pools  may  need  to  be  significantly 
longer  and  deeper  to  obtain  a  normal  flow  condition  and  prevent  high  velocity  sheeting  flow  over  the 
weirs.  The  overall  depth,  width,  and  channel  length  make  this  a  very  unrealistic  alternative. 

A  concept  design  was  developed  of  the  pool  and  weir  channel  alternative  for  the  John  Day.  The 
design  criteria  were  lessened  to  allow  a  4-foot  head  differential  between  pools  and  40  ft-lbs/sec  of 
energy  per  cubic  foot  of  pool  volume.  This  alternative  includes  a  gated  intake  structure  located  near 
the  axis  of  the  dam  and  a  large  rectangular  channel  with  a  total  of  20  pools  formed  by  submerged 
weirs  and  orifices.  The  alternating  weirs  and  orifices  are  designed  to  produce  a  4-foot  head  loss 
between  pools  and  prevent  skimming  flow  characteristics  that  would  occur  if  all  pools  were 
controlled  by  weirs.  The  pool  and  weir/orifice  channel  would  operate  with  a  maximum  unit 
discharge  of  270  cfs/ft  The  channel  would  be  about  285  feet  wide  and  40  feet  deep  to  pass  a  total 
design  discharge  of  101,000  cfs.  Though  the  design  is  specific  to  John  Day,  the  concept  may  be 
applicable  to  other  lower  Snake  and  Columbia  river  projects. 

4.5.3  The  TDG  Performance 

The  pool  and  weir/orifice  channel  incrementally  dissipates  the  energy  of  flow  across  each  control 
structure.  Air  entrainment  and  the  saturation  of  TDG  may  be  reduced  by  the  limited  turbulence 
associated  with  the  incremental  pool  drops  and  the  deep  submergence  of  the  weirs  and  orifices.  The 
only  method  of  verifying  the  TDG  performance  of  such  a  structure  is  through  prototype  testing. 
However,  physical  hydraulic  model  studies  would  define  the  hydraulic  conditions  of  flow  passing 
over  the  weirs  and  through  the  orifices  and  may  help  to  develop  more  accurate  gas  performance 
estimates.  For  the  purpose  of  alternative  evaluation,  it  is  expected  that  a  design  could  be  developed 
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where  the  TDG  levels  would  not  exceed  1 10  percent.  This  assumption  is  based  on  measured  TDG 
levels  within  existing  adult  fish  ladders  that  are  typically  below  110  percent, 

4.5.4  Risk  Assessment 

The  construction  of  a  pool  and  weir/orifice  channel  may  have  negative  impacts  to  juvenile  and  adult 
fish  passage.  This  alternative  will  not  limit  or  restrict  the  capacity  of  existing  spillways.  It  is 
designed  to  adequately  dissipate  the  energy  of  flow  within  the  channel  pools  so  there  is  no  threat  to 
the  structural  integrity  of  project  or  concerns  for  downstream  erosion. 

4.5.4.1  Adult  Fish  Passage 

A  pool  and  weir  channel  designed  to  meet  fish  ladder  criteria  and  water  quality  standards,  though 
extremely  large,  should  provide  adequate  passage  for  adult  fish.  A  structure  designed  with  4-foot 
drops  between  pools  (with  alternating  weir  and  orifice  control)  may  delay  adult  fish  attempting  to 
pass  through  the  system.  However,  the  size  of  the  spillway  would  be  considerably  greater  than  that 
of  any  existing  fish  ladder.  It  is  unclear  whether  adult  migrants  would  behave  similarly  in  this  large 
spillway  as  they  have  been  observed  to  behave  in  existing  fish  ladders.  Additional  adult  fish 
facilities  may  be  required. 

4.5.4.2  Juvenile  Fish 

Turbulence  through  the  large  pool  and  weir/orifice  channel  is  minimized  by  the  relatively  small 
incremental  drops  between  pools  and  should  not  injure  juvenile  fish.  Vertical  circulation  cells  may, 
however,  develop  within  the  large  pools  as  a  result  of  the  alternating  weir  and  orifice  flow  and  could 
delay  juvenile  fish  passage.  The  pools  might  provide  habitat  for  both  avian  and  fish  predators.  The 
relatively  low-velocity  discharge  from  the  spillway  would  not  permit  rapid  egress  of  juvenile  fish 
through  the  spillway  tailrace  where  shallow  and  relatively  slow  velocity  water  could  expose  juvenile 
to  increased  levels  of  predation, 

4.5.4.3  Navigation 

Impacts  to  navigation  will  depend  on  the  relative  location  of  the  channel  discharge  to  the  navigation 
channel  and  must  be  evaluated  on  a  project-by-project  basis.  Large  volumes  of  flow  entering 
directly  into  the  navigation  channel  from  a  side  channel  discharge  may  restrict  navigation  traffic. 
This  could  likely  be  mitigated  by  additional  structural  measures  or  through  design.  However,  this 
would  affect  costs  and  construction  schedules. 

4.5.5  Project  Applications 

Although  a  concept  design  has  only  been  developed  for  the  John  Day  project,  the  design  concept 
could  be  applied  similarly  to  the  four  lower  Snake  River  projects  and  McNary. 

4.5.6  Conclusions 

The  NMFS  has  rejected  this  option  because  of  the  overall  magnitude  of  this  structure  and  the 
potential  for  delay  and  predation  of  juvenile  fish  within  the  pools.  Further  development  of  the 
structure  is  not  recommended. 
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4.6  Submerged  Spillway  Gates 

4.6.1  General 

This  option  modifies  the  existing  spillway  with  extended  spillway  piers  and  very  large  radial  gates 
such  that  the  gate  sill  is  well  below  the  tail  water  surface  elevation  (Figure  4-6).  The  discharge  from 
under  the  gate  would  remain  submerged,  reducing  the  potential  for  air  entrainment.  A  concept  level 
design  of  the  large  tainter  gate  alternative  has  been  developed  for  Bonneville. 

4.6.2  Design 

The  Bonneville  submerged  spillway  gates  are  designed  such  that  a  discharge  of  10,000  cfs  per  bay 
will  remain  fully  submerged  with  a  tailwater  elevation  of  10.0  feet  National  Geodetic  Vertical  Datum 
(NGVD).  They  would  be  78  feet  high  by  50  feet  wide  and  have  a  1 00-foot  radius.  The  gate  sill  is 
near  the  toe  of  the  spillway  at  elevation  0.0  fmsl.  The  10-foot  wide  spillway  piers  would  be  extended 
approximately  140  feet  downstream  to  support  the  large  gates. 


Figure  4-6.  Bonneville  Spillway  with  Submerged  Spillway  Gates 


4.6.3  Model  Study  Investigations 

The  submerged  spillway  gate  was  modeled  at  a  1:40  scale  at  WES.  Hydraulic  conditions  were 
evaluated  with  the  gate  sills  at  revised  elevations  of  0.0  and  -8.0  feet  NGVD.  The  submerged 
discharge  from  the  large  gate  showed  relatively  good  energy  dissipation  with  or  without  baffle 
blocks  positioned  in  the  stilling  basin.  Once  the  discharge  was  submerged,  the  entrained  air  content 
was  nearly  eliminated  with  some  entrainment  from  surface  turbulence.  However,  the  model  study 
indicates  that  for  the  normal  range  in  tailwater  fluctuations,  spill  releases  up  to  approximately  1 0,000 
cfs  per  bay  will  be  exposed  because  of  insufficient  tailwater  depth.  The  model  study  report 
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summarizes  the  gate  submergence,  or  tailwater  elevation,  necessary  to  maintain  a  submerged 
discharge  jet  over  a  range  of  unit  spillbay  discharges. 

4.6.4  The  TDG  Performance 

The  submerged  spillway  gates  are  not  expected  to  increase  the  TDG  concentrations  above  that  of  the 
forebay  if  the  discharge  remains  fully  submerged.  However,  based  on  model  study  results, 
submerged  flow  conditions  cannot  be  obtained  for  spill  discharges  over  10,000  efs  per  bay  and,  for 
many  cases,  the  normal  tailwater  elevation  may  not  be  high  enough  to  maintain  submergence  for 
even  the  low  flows.  An  estimate  of  TDG  performance  for  the  unsubmerged  flow  conditions  is  not 
possible  without  prototype  testing.  Although  this  alternative  was  intended  to  meet  water  quality 
standards,  it  is  unlikely  that  the  higher  flows  would  remain  submerged  increasing  the  potential  for 
gas  saturation. 

4.6.5  Evaluation  of  Impacts 

The  submerged  spillway  gates  should  not  restrict  the  capacity  for  energy  dissipation  within  the 
stilling  basin.  Physical  injury  to  juvenile  fish  passing  through  the  spillway  may  increase,  as  the 
discharge  has  a  more  direct  impact  on  the  stilling  basin  baffle  blocks.  Potential  impacts  to  fish 
passage  efficiency  and  adult  passage  delay  time  is  unknown. 

4.6.6  Operations 

Management  of  the  spillway  discharge  would  be  more  complicated  than  it  is  with  the  existing 
system.  The  gate  discharge  flow  conditions,  tailwater  flow  patterns,  and  TDG  concentrations  would 
be  much  moie  sensitive  to  tailwater  fluctuations.  The  gates  would  be  controlled  and  operated  from 
the  control  room  just  as  are  the  existing  gates.  A  more  intensive  inspection  and  maintenance 
schedule  would  be  required  because  of  the  complicated  gate  design,  mechanical  operating  system, 
and  overall  size  of  the  spillway  gates  and  control  structure. 

4.6.7  Project  Application 

The  submerged  gate  option  is  not  likely  a  feasible  alternative  for  the  other  projects  because  of  the 
higher  head  differences.  The  total  maximum  head  at  Bonneville  is  about  68  feet  while  die  maximum 
head  differential  of  the  other  Lower  Snake  and  Columbia  river  projects  is  closer  to  100  feet.  The 
design  and  construction  costs  associated  with  a  spillway  gate  of  this  size  combined  with  the  with  the 
inability  of  the  structure  to  maintain  submerged  flows  and  uncertainties  in  the  gas  production 
estimates  make  this  option  unreasonable  to  consider  for  other  project  applications. 

4.6.8  Conclusions 

The  submerged  spillway  gates  will  not  likely  meet  water  quality  standards  under  all  flow  conditions 
because  of  extreme  fluctuations  in  the  Bonneville  tailwater  elevation.  The  submerged  spillway  gates 
do  have  the  potential  to  reduce  saturation  by  maintaining  submerged  flow  conditions  for  certain  high 
tailwater  elevations.  The  biological  impact  of  submerged  gates,  particularly  for  juvenile  migrants,  is 
not  clear  and  could  only  be  resolved  with  some  certainty  through  biological  testing  of  a  prototype 
structure.  The  increased  depth  of  discharge  would  cause  flow  to  more  directly  approach  stilling 
basin  baffle  blocks  and  could  result  in  higher  water  velocities  at  the  blocks,  particularly  under  low 
tailwater  conditions.  This  alternative,  while  providing  some  potential  for  TDG  reduction  under  some 
operating  conditions,  will  not  reduce  the  energy  dissipation  rates  in  the  stilling  basin  and  may  alter 
the  distribution  of  energy  dissipation,  resulting  in  a  tailrace  environment  quite  different  from  that  of 
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the  existing  spillways  at  Bonneville.  Exposure  to  locally  higher  energy  dissipation  densities  could 
increase  the  rates  of  disorientation  and  temporaty  disability  of  juvenile  migrants  and  result  in 
increased  rates  of  indirect  injury  and  mortality  during  tailrace  egress. 

Additional  gate  designs  and  control  structures  should  be  considered  if  this  option  is  developed 
further.  A  two-part  vertical  lift  gate  similar  to  the  existing  gate  may  be  feasible  although  the  total 
hydraulic  head  on  the  gate  would  be  much  greater.  The  lower  gate  may  possibly  be  designed  to 
operate  independently  of  the  upper  gate  and  would  be  used  for  normal  operations  while  the  upper 
gate  in  combination  with  the  lower  gate  would  be  used  to  regulate  the  extreme  spillway  flows.  Total 
reconstruction  of  the  existing  spillway  crest  may  also  be  feasible.  This  would  allow  the  gate  and 
spillway  crest  and  control  structure  to  be  developed  as  a  single  operating  system  rather  than  limiting 
the  gate  design  to  a  retrofit  of  the  existing  system.  A  tailwater  control  structure  should  also  be 
considered  to  regulate  (control)  the  extreme  fluctuations  in  tailwater  elevation. 
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5.  System-wide  Evaluations 

5.1  General 

The  category  one  and  two  options  described  in  Sections  3  and  4  can  be  grouped  as  short-term  and 
long-term  alternatives.  Short-term  options  are  those  which  are  being  considered  in  the  deflector 
optimization  program  and  are  relatively  easy  to  implement  and  inexpensive  when  compared  to  other 
options.  Long-term  options  are  those  which  are  considered  to  be  very  expensive  and  will  require 
long  duration  construction  periods. 

The  short-term  options  include: 

•  Operational  changes 

•  Additional/modified  deflectors 

•  Powerhouse/spillway  flow  separation  wall 

•  Raised  tailrace  channel. 

The  long-term  options  include: 

•  Submerged  conduits 

•  Baffled  chute  spillway 

•  Side  channel  spillway 

•  Pool  and  Weir  Channel 

•  Submerge  spillway  gates 

•  Raised/negative-stepped  spillway 

•  Additional  spillbays. 

In  general,  each  of  these  options  can  be  applied  at  each  of  the  eight  Corps  projects  within  the  study 
area.  An  alternative  applied  at  an  individual  project,  combined  with  a  projected  operation,  may  have 
an  impact  or  benefit  on  the  river  system  as  a  whole.  A  system  option  is  defined  as  a  grouping  of 
individual  options  applied  at  specific  projects  with  specific  operational  rules.  To  assess  the 
potentially  large  combination  of  system  alternatives,  a  numerical  mass  transport  water  quality  model 
was  developed.  The  model  was  used  to  compare  selected  system  alternatives  to  the  existing  system. 
To  limit  the  total  number  of  individual  project  alternatives  and  associated  system  alternatives,  a  pre¬ 
screening  process  was  used.  This  section  describes  the  screening  process  and  presents  the  individual 
project  alternatives  and  their  combinations  which  were  used  in  defining  the  system-wide  alternatives 
which  were  evaluated  in  the  numerical  model. 
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5.2  Screening  Process 

The  process  relied  on  analysis  and  evaluation  of  structural  and  operational  options  completed  during 
the  Phase  I  and  Phase  II  Dissolved  Gas  Abatement  Studies  as  well  as  regional  agency  review, 
comment,  and  recommendations.  The  first  step  in  the  process  was  to  rate  and  select  the  options 
based  on  established  criteria.  The  next  step  was  to  determine  which  options  would  be  applied  to 
each  project  and  the  order  in  which  they  would  be  implemented. 

5.3  Criteria 

Criteria  used  for  rating  included:  1)  ability  to  reduce  the  saturation  of  TDG;  2)  ability  to  safely  pass 
fish;  3)  magnitude  or  ease  of  design  and  construction;  and  4)  overall  impact  to  operations  and 
maintenance. 

5.3.1  TDG  Performance 

An  alternative’s  TDG  performance  was  given  a  rating  of  low  (-)  moderate  (V)  or  high  (+).  Low 
reflects  an  uncertainty  in  performance  but  a  potential  for  improvement  without  the  ability  to  meet 
water  quality  standards.  Moderated  reflects  confidence  in  TDG  reductions  without  the  ability  to 
achieve  water  quality  standards  or  uncertainty  in  the  ability  of  the  alternative  to  meet  water  quality 
standards.  High  reflects  a  high  degree  of  certainty  that  the  alternative  can  achieve  water  quality 
standards. 

5.3.2  Fish  Passage 

The  alternative’s  impact  on  adult  and  juvenile  passage  was  given  a  rating  of  acceptable  (+), 
uncertain/unacceptable  without  biological  testing  (■/)  or  detrimental  (-).  Acceptable  reflects  a 
condition  known  to  be  safe  or  a  condition  expected  to  be  no  worse  than  existing  spillway  flow 
conditions.  Uncertain/unacceptable  without  testing  reflects  a  condition  that  may  or  may  not  be  safe 
for  fish  passage  and  would  require  testing  and  proof  of  safe  passage  before  implementation. 
Detrimental  reflects  a  condition  known  or  believed  to  be  harmful  to  fish  based  on  the  judgment  of 
fish  passage  experts. 

5.3.3  Design  and  Construction 

The  design  and  construction  of  an  alternative  was  given  a  rating  of  straightforward/accomplished  (+), 
complex  (V)  or  difficult  (-). 

5.3.4  Operations  and  Maintenance 

An  alternatives  impact  on  operations  and  maintenance  will  be  given  a  rating  of  low  (+),  moderate 
(V),  or  high  (-)• 
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5.4  Option  Ratings 

Table  5-1  illustrates  the  results  of  the  individual  option  ratings  based  on  the  established  criteria.  Any 
option  that  received  (-)  for  TDG  production  or  fish  passage  was  eliminated  from  further 
consideration.  Each  of  the  alternatives  rated  for  short-term  implementation  was  selected  for 
numerical  model  evaluations.  The  additional  spillbays  and  the  submerged  spillway  gate  options 
were  the  only  long-term  options  remaining  following  the  screening  process. 

Table  5-1.  Option  Rating 


Fish 

Design  and 

Operation  and 

TDG 

Passage 

Construction 

Maintenance 

Short-term  Options 

Operational  changes 

4 

4 

+ 

+ 

Additional  deflectors 

4 

+ 

+ 

+ 

pH/spillway  wall 

4 

+ 

+ 

+ 

Raised  tailrace 

4 

4 

4 

+ 

Long-term  Options 

Submerged  conduits 

4 

- 

- 

- 

Baffled  chute  spillway 

+ 

- 

4 

4 

Side  channel  spillway 

+ 

- 

4 

4 

Pool  and  weir  channel 

- 

- 

4 

- 

Submerged  spillway  gates* 

4 

+ 

- 

+ 

Raised  stilling  basin 

- 

4 

4 

4 

Additional  spillbays 

4 

+ 

4 

4 

^applied  only  at  Bonneville 


5.5  System  Options 

The  options  remaining  from  the  screening  process  were  then  combined  into  system  options  for 

evaluation  using  the  numerical  model.  These  are  summarized  in  Tables  5-2  and  953  and  described  in 

detail  in  the  following  paragraphs. 

5.5.1  Short-term  Options 

1.  The  short-term  system  option  1  consist  of  baseline  conditions.  This  includes  the  existing 
spillway  configurations  with  the  existing  spill  patterns. 

2.  Short-term  option  2  is  strictly  an  operational  alternative.  It  includes  the  existing  spillway 
configuration  with  changes  in  spill  distribution.  All  spillway  flows  are  released  uniformly  across 
existing  deflected  bays  only.  The  exception  of  The  Dalles,  which  currently  does  not  have  flow 
deflectors. 

3.  System  option  3  is  the  most  likely  alternative  for  immediate  short-term  improvements.  It 
includes  the  installation  of  additional  spillway  flow'  deflectors  at  Lower  Monumental,  Little 
Goose,  McNary,  John  Day,  and  Bonneville.  Because  Lower  Granite  and  Ice  Harbor  already 
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have  a  full  implementation  of  spillway  flow  deflectors  with  specified  spillway  flow  patterns  for 
the  full  arrangement  of  deflectors,  these  projects  will  operate  with  those  spill  patterns.  Because 
it  is  not  possible  to  predict  the  spill  patterns  without  model  testing,  the  operation  of  those 
projects  with  added  deflectors  assumes  a  uniform  spill  pattern. 

4.  System  option  4  expands  on  option  3  with  the  addition  of  the  powerhouse/spillway  divider  wall 
at  Lower  Granite,  Little  Goose,  Lower  Monumental,  and  McNary.  Option  4  also  includes  the 
addition  of  23  spillway  flow  deflectors  at  The  Dalles.  Because  the  spillway  flow  patterns  cannot 
be  predicted  for  spillways  modified  with  additional  deflectors  and/or  the  divider  wall,  a  uniform 
spill  distribution  has  been  assumed  for  those  projects. 

5.  Short-term  system  option  5  is  similar  to  option  4  with  the  addition  of  the  raised  tailrace  channel 
below  the  Bonneville  spillway. 

5.5.2  Long-term  Options 

1.  The  long-term  system  option  6  includes  all  the  improvements  of  option  5  but  adds  six  new 
spillbays  to  John  Day. 

2.  Option  7  builds  on  option  6  with  new  spillways  consisting  of  nine  additional  spillbays  at  Lower 
Granite,  Little  Goose,  and  McNary. 

3.  Option  8  is  similar  to  7  with  the  reconstruction  of  large  submerged  spillway  gates  at  Bonneville. 


Table  5-2.  Short-term  System  Options 


Project 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

Lower  Granite 

Standard  spill 
(8/8)* 

Un-spill  (8/8) 

Existing 

Condition 

Un-spill  (8/8) 
pH/spill  wall 

Un-spill  (8/8) 
pH/spill  wall 
w/RTR 

Little  Goose 

Uniform  spill 
(6/8) 

Un-spill  (6/8) 

Un-spill  (8/8) 

Un-spill  (8/8) 
pH/spill  wall 

Un-spill  (8/8)  phH 
spill  wall  w/RTR 

Lower 

Monumental 

Unifonn  spill 
(6/8) 

Un-spill  (6/8) 

Un-spill  (8/8) 

Un-spill  (8/8) 
pH/spill  wall 

Un-spill  (8/8) 
pH/spill  wall 
w/RTR 

Ice  Harbor 

Standard  spill 
(10/10) 

Un-spill 

(10/10) 

Existing 

Condition 

Existing 

Condition 

Existing  Condition 

McNary 

Standard  spill 
(18/21**) 

Un-spill 

(18/22) 

Un-spill 

(22/22) 

Un-spill 
(22/22) 
pH/spill  wall 

Un-spill  (22/22) 
pH/spill  wall 

John  Day 

Standard  spill 
(18/20) 

Un-spill 

(18/20) 

Stan-spill 

(20/20) 

Un-spill 

(20/20) 

Un-spill  (20/20) 

The  Dalles 

Standard  spill 
(0/23) 

Un-spill 

(0/23) 

Existing 

condition 

Un-spill 

(23/23) 

Un-spill  (23/23) 

Bonneville 

Standard  spill 
(13/18) 

Un-spill 

(13/18) 

Un-spill 

(18/18) 

Un-spill 

(18/18) 

Un-spill  (18/18) 
w/RTR 

*  Indicates  the  number  of  deflected  spillbays/number  of  total  spillbays. 
**  McNary  currently  operates  with  only  21  of  the  22  total  spillbays. 
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Table  5-3.  Long-term  System  Options 


Project 

No.  6 

No.  7 

No.  8 

Lower  Granite 

Un-spill  (8/8) 
pH/spill  wall 

Un-spill  (8/8) 
pH/spill  wall 

9  new  spillbays 

Un-spill  (8/8) 
pH/spill  wall 

9  new  spillbays 

Little  Goose 

Un-spill  (8/8) 
pH/spill  wall 

Un-spill  (8/8) 
pH/spill  wall 

9  new  spillbays 

Un-spill  (8/8) 
pH/spill  wall 

9  new  spillbays 

Lower  Monumental 

Un-spill  (8/8) 
pH/Spill  wall 

Un-spill  (8/8) 
pH/spill  wall 

Un-spill  (8/8) 
pH/spill  wall 

9  new  spill  bays 

Ice  Harbor 

Un-spill  (10/10) 

Un-spill  (10/10) 

Un-spill  (10/10) 
pH/spill  wall 

McNaiy 

Un-spill  (22/22) 

Un-spill  (8/8) 

9  new  spillbays 

Un-spill  (8/8) 

9  new  spillbays 

John  Day 

Un-spill  (20/20) 

6  new  spillbays 

Un-spill  (20/20) 

6  new  spillbays 

Un-spill  (20/20) 

6  new  spillbays 

The  Dalles 

Un-spill  (23/23) 

Un-spill  (23/23) 

Un-spill  (23/23) 

Bonneville 

Un-spill  (18/18) 

RTR 

Un-spill  (18/18) 

RTR 

Un-spill  (18/18) 

18  submerged  gates 
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6.  Summary  and  Conclusions 

6.1  Summary  of  Biological  and  Engineering  Evaluation  of  Gas 
Abatement  Alternatives 

Ten  structural  dissolved  gas  abatement  alternatives  were  evaluated  for  TDG  abatement 
improvements  on  the  lower  Snake  and  Columbia  river  projects  during  the  Phase  II  Dissolved  Gas 
Abatement  Study.  The  options  include: 

•  Additional/modified  spillway  flow  deflectors 

•  Raised  negative-stepped  stilling  basin 

•  Raised  tailrace  channel  and  deflectors 

•  Baffled  chute  spillway 

•  Side  channel  spillway 

•  Pool  and  weir  channel 

•  Additional  spillbays 

•  Submerged  conduit  with  deflectors 

•  Powerhouse/spillway  separation  wall 

•  Submerged  spillway  gates 

An  engineering  evaluation  of  each  option  was  conducted  to  determine  the  feasibility  of  design  and 
construction,  and  to  establish  baseline  cost  estimates.  Biological  evaluations  were  conducted  to 
assess  the  direct  and  indirect  impacts  of  each  option’s  implementation  and  operation  on  juvenile  and 
adult  salmonid  passage  and  survival. 

All  options  were  determined  feasible  to  design  and  construct.  The  baffled  chute  spillway,  side 
channel  spillway,  and  submerged  conduits  alternatives  have  the  greatest  potential  to  achieve  state 
and  Federal  water  quality  standards.  However,  the  only  options  expected  to  achieve  safe  or 
acceptable  fish  passage  conditions  while  providing  for  significant  gas  reduction  benefits  include  the 
additional/modified  deflectors,  powerhouse/spillway  separation  wall,  submerged  spillway  gates,  and 
additional  spillbays.  Because  of  the  high  risk  to  juvenile  and  adult  salmonids,  none  of  the  other 
options  have  been  recommended  for  further  consideration  or  development. 

6.2  Summary  of  System-wide  Analysis 

Application  of  the  MASS1  and  MASS2  numerical  models  for  hydrodynamics  and  dissolved  gas 
transport  produced  a  broad  range  of  metrics  that  were  used  to  compare  the  performance  of  different 
gas  abatement  alternatives.  The  alternatives  analyzed  were  primarily  structural  modifications  to  the 
dams,  but  operational  changes  such  as  the  use  of  uniform  spill  patterns  were  also  included.  Eight 
system  options  were  evaluated  utilizing  these  numerical  models  coupled  with  predictive  gas 
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production  equations.  The  system  options  were  grouped  as  either  short-term  options  or  long-term 
options.  The  short-term  options  are  those  which  are  considered  to  be  less  controversial,  less 
expensive,  and  can  be  implemented  more  quickly  than  long-term  options.  A  summary  of  model 
derived  observations  are  discussed  in  the  following  paragraphs. 

6.2.1  Summary  Short-term  Option  Analysis 

For  the  short-term  options  (system  options  1  through  5),  the  added  deflectors  appear  to  yield  the 
most  improvements  in  TDG  water  quality  parameters  on  the  lower  Columbia  River  projects  whereas 
the  addition  of  flow  training  walls  are  forecasted  to  be  the  most  beneficial  for  the  lower  Snake  River 
projects.  This  indicates  the  current  deflector  optimization  program  for  installing  deflectors  will 
probably  result  in  the  quickest  and  most  TDG  reductions  throughout  the  river  system.  This  would 
correspond  to  system  options  3  and  4. 

System  options  3  includes:  1)  added  deflectors  at  Little  Goose,  Lower  Monumental,  McNary,  John 
Day,  and  Bonneville,  and;  2)  changing  spill  patterns  from  existing  patterns  to  a  more  uniform 
patterns  at  Little  Goose,  Lower  Monumental,  McNary,  and  Bonneville.  System  option  4  includes 
those  features  and  operations  proposed  by  system  option  3  plus:  1)  a  uniform  spill  pattern  at  Lower 
Granite,  John  Day,  and  The  Dalles;  2)  new  spillway  deflectors  at  The  Dalles,  and;  3) 
powerhouse/spillway  divider  walls  at  Lower  Granite,  Lower  Monumental,  Little  Goose,  and 
McNary. 

Improvements  from  the  addition  of  deflectors  at  The  Dalles  also  provides  some  associated  benefits 
below  Bonneville  in  the  estuary.  In  regards  to  the  evaluation  criteria,  the  observed  system  wide 
benefits  in  TDG  conditions  for  the  model  output  are  listed  below. 

Utilizing  the  TDG  loading  evaluation  criteria,  approximately  60  percent  of  the  decreases  in  TDG 
load  was  realized  by  system  option  4.  For  the  aquatic  habitat  improvement  criteria,  approximately 
60  percent  of  the  increases  in  aquatic  habitat  (for  either  depth  compensated  of  uncompensated)  by 
volume  in  the  receiving  waters  occur  with  completion  of  system  option  4.  Approximately  a  2/3 
reduction  in  the  exceedances  of  1 1 0  percent  would  be  realized  in  conjunction  with  system  option  3 
and  4. 

6.2.2  Summary  Long-term  Option  Analysis 

Long-term  system  options  6,  7,  and  8  were  also  modeled  with  the  MASS1  and  MASS2  numerical 
models.  System  option  8  was  the  most  successful  at  achieving  water  quality  standards  and  in 
minimizing  downstream  TDG  loading.  For  the  hydrologic  conditions  simulated,  over  90  percent  of 
the  water  quality  standard  exceedances  of  1 10  percent  were  eliminated  with  option  8.  This  option 
consists  of:  1)  the  presence  of  deflectors  on  all  spillbays  for  each  of  the  eight  Snake/Columbia  river 
Corps  projects;  2)  uniform  spill  patterns  implemented  at  each  of  the  eight  projects;  3) 
powerhouse/spillway  divider  walls  installed  at  Lower  Granite,  Little  Goose,  and  Lower  Monumental; 
4)  new  spillway  structures  (9  bays)  installed  at  Lower  Granite,  Little  Goose,  and  McNary;  5)  new 
spillway  structure  (6  bays)  installed  at  John  Day,  and;  7)  submerged  spillway  gates  at  Bonneville 
Dam. 


6.2.3  Project  Specific  Observations 

From  the  system  wide  perspective,  certain  trends  or  response  patterns  have  emerged  which  can  be 
used  to  characterize  major  reaches  but  in  general  there  is  a  high  degree  of  variation  in  forecasted 
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responses  between  the  lower  Snake  River  and  the  lower  Columbia  River  projects.  This  trend  is  at 
least  partly  due  to  the  high  spill  ratios  for  Ice  Harbor  and  confluence  with  the  Middle  Columbia  and 
lower  Snake  rivers  in  the  McNary  pool.  The  lower  Columbia  flows  normally  double  that  found  in 
the  Snake  River. 

The  numerical  simulations  project  with  the  addition  of  deflectors  at  Bonneville  and  at  The  Dalles 
will  result  in  significant  improvements  in  TDG.  The  addition  of  submerged  spillway  releases  at 
Bonneville  (option  8)  show  the  greatest  potential  for  improvement  in  downstream  TDG  conditions  at 
that  project. 

Simulations  of  the  operation  of  an  additional  6-bay  spillway  at  John  Day  (option  6)  and  a  9-bay 
spillway  at  McNary  (option  7)  produced  significant  improvements  in  water  quality  below  these  two 
dams.  At  McNary,  the  greatest  improvements  in  TDG  were  associated  with  the  combination  of 
uniform  spill  patterns,  additional  spillway  deflectors,  a  powerhouse/spillway  training  wall,  plus  the 
addition  of  a  9-bay  spillway. 

Very  little  change  at  Ice  Harbor  is  observed  from  the  simulations  for  any  but  the  last  alternative  or 
system  option  8.  The  dominant  feature  at  Ice  Harbor  is  that  the  model  simulations  were  completed 
with  fairly  effective  flow  deflectors  in  place  at  the  project.  This,  coupled  with  a  high  ratio  of  spill  to 
powerhouse  discharge,  tended  to  reset  or  re-establish  TDG  conditions  for  the  Snake  River  to  reflect 
Ice  Harbor  conditions  and  operations.  This  effectively  overrode  any  major  TDG  impacts  from  the 
upstream  projects  on  the  Snake  River  and  may  be  responsible  for  the  noticeable  difference  in 
forecasted  responses  between  the  two  rivers.  The  addition  of  a  powerhouse/spillway  divider  wall 
resulted  in  limited  improvements  in  TDG  at  Ice  Harbor. 

Alternatives  applied  on  the  lower  Snake  River  projects  appear  to  give  similar-  responses  in  TDG 
forecasted  measures.  The  three  upper  river  projects,  Lower  Monumental,  Little  Goose,  and  Lower 
Granite,  all  respond  similarly  and  favorably  to  the  addition  of  a  powerhouse/spillway  divider  wall. 

As  would  be  expected,  additional  spillways  with  9  spillbays  each  at  these  same  three  projects  result 
in  significant  improvements  in  downstream  water  quality.  Modest  water  quality  benefits  are  also 
forecasted  from  the  deflector  additions  at  Lower  Monumental  and  Little  Goose. 

It  should  be  noted  that  the  conclusions  above  only  consider  the  potential  water  quality  benefits 
associated  with  the  various  gas  abatement  alternatives.  Final  decisions  or  recommendations  should 
also  incorporate  potential  impacts  on  migration  of  anadromous  fishes  (both  juvenile  and  adults), 
other  resident  biological  communities,  power  production,  navigation,  and  any  of  the  other  intended 
uses  of  projects  on  the  lower  Columbia  and  lower  Snake  rivers. 

6.3  Conclusions 

Maximizing  powerhouse  flow  is  the  simplest  method  of  reducing  the  saturation  of  TDG. 

Powerhouse  flows  are  determined  by  load  demand  but  are  often  restricted  by  voluntary  spill 
requirements  and  by  operational  limitations  restricting  turbine  generation  to  within  one  percent  of  the 
peak  efficiency.  Allowing  turbine  units  to  operate  outside  this  range  will  increase  the  hydraulic 
capacity  of  the  powerhouses  by  more  than  30  percent. 

Operational  measures  in  the  form  of  spill  pattern  shaping  have  been  used  and  should  continue  to  be 
used  to  effectively  reduce  the  TDG  exchange  associated  with  spillway  operations.  However,  spill 
flow  distribution  patterns  have  been  established  to  provide  optimum  conditions  for  efficient  egress  of 
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downstream  migrating  juvenile  salmonid  and  for  the  attraction  of  upstream  migrating  adult 
salmonids  to  the  fishway  entrances.  Operational  improvements  for  the  reduction  of  TDG  saturation 
will  not  be  accepted  at  the  risk  of  juvenile  and  adult  passage  and  survival. 

The  current  ongoing  deflector  optimization  program  is  a  major  step  in  the  right  direction  for  reducing 
TDG  production.  This  program  will  evaluate  and  provide  for  installation  of  deflectors  on  spillbays 
that  currently  do  not  have  deflectors.  This  program  also  provides  for  evaluating  changes  in 
operational  spill  patterns  with  the  goal  of  attempting  to  provide  as  uniform  of  spill  level  as  possible 
for  reduction  of  TDG  production.  Development  of  operational  spill  patterns,  however,  must  also 
consider  the  biological  factors  of  adult  fish  passage  and  juvenile  fish  tailrace  egress.  Therefore, 
while  the  goal  would  be  to  achieve  a  flat  or  uniform  spill  pattern  for  TDG  reductions,  it  may  not  be 
possible  to  fully  implement  this  operational  change.  The  ability  to  achieve  this  will  vary  on  a 
project-by-project  basis. 

Once  the  deflector  optimization  program  has  been  completed,  it  is  recommended  that  post 
construction  evaluations  both  biological  and  physical  be  conducted  to  re-establish  baseline  system 
performance.  This  is  a  critical  checkpoint  which  can  provide  a  measure  of  performance 
improvement  and  can  then  be  used  to  improve  the  forecasted  performance  improvements  of 
additional  more  costly  changes. 

If  additional  TDG  reductions  are  considered  necessary  following  the  post  construction  assessments, 
then  adding  powerhouse/spillway  divider  walls  at  appropriate  projects  would  be  the  next  logical  step 
to  further  TDG  reductions. 

Finally,  new  spillway  structures  installed  at  appropriate  dams  will  ultimately  reduce  production  of 
TDG  to  a  level  much  closer  to  current  water  quality  standards.  All  of  these  proposed  features  are 
compatible  and  build  one  upon  another.  Every  feature  present  in  this  proposed  sequence  must  be 
constructed  and  operated  in  the  fashion  proposed  to  achieve  the  model  projected  outcomes. 

6.4  Implementation 

6.4.1  System  Costs  -  Lower  Snake  River  Projects 

The  following  system  costs  have  been  estimated  for  three  optional  levels  of  TDG  improvement. 
These  costs  include  overhead;  profit;  construction  bond;  planning;  engineering  and  design; 
construction  supervision;  and  administration  and  contingencies. 


Project 

Option  - 1  Additional 
Deflector  Only 
(millions) 

Option  2  -  pH/spillway 
Splitter  Wall  and 
Additional  Deflectors 
(millions) 

Option  3  -  Deflectors 
and  pH/spillway 

Splitter  Wall  and  9 
Spillbays  (millions) 

Low 

High 

Low 

High 

Low 

High 

Lower  Granite 

$0 

$0 

$19 

$31 

$295 

$472 

Little  Goose 

$8 

$8 

$27 

$39 

$307 

$487 

Lower  Monumental 

$10 

$10 

$29 

$41 

$442 

$701 

Ice  Harbor 

$0 

$0 

$19 

$31 

$331 

$530 

Total  System  Costs 

$18 

$18 

$94 

$142 

$1,375 

$2,190 
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6.4.2  Water  Quality  Benefits 

Benefits  of  the  optional  structural  changes  are  illustrated  on  a  project  basis  in  Figures  6-1  through  6- 
4.  Implementation  of  option  3  will  approach  but  not  meet  the  state  and  Federal  water  quality 
standards  of  1 10  percent  at  the  7  day,  10  year  discharge.  Option  3  is  the  only  system  alternative 
likely  to  meet  approval  by  regional  fishery  agencies  with  regard  to  acceptable  fish  passage  criteria. 

6.4.3  Implementation  Schedules 

Option  L  Additional  Deflectors. 

Installation  of  additional  deflectors  is  currently  scheduled  for  Lower  Monumental  and  Little  Goose 
in  fiscal  years  2003  and  2004,  respectively,  as  a  part  of  the  current  deflector  optimization  program. 

Option  2.  Installation  of  the  powerhouse/spillway  splitter  wall  and  deflectors. 

Deflectors  will  be  installed  by  2004  on  all  Snake  River  dams.  Installation  of  the 
powerhouse/spillway  splitter  wall  will  require  the  following  process  with  the  anticipated  durations. 
The  first  powerhouse/spillway  splitter  wall  would  be  installed  on  a  single  project  such  as  Lower 
Granite.  Following  construction,  an  evaluation  (physical  and  biological)  of  the  performance  of  the 
wall  would  be  conducted  to  assess  the  success  of  the  splitter  wall.  Once  the  wall  is  proven,  then 
construction  of  the  splitter  wall  will  occur  at  the  other  three  lower  Snake  projects,  Little  Goose, 
Lower  Monumental,  and  Ice  Harbor.  The  durations  are  identified  in  the  following  table: 


Project/Activity 

Years 

TMDL  Development 

2 

Decision  Document  +  NEPA 

2 

Lower  Granite 

Design  Documentation  Report 

1 

Appropriations 

1 

Contract  Documents 

1 

Construction 

2 

Post  Construction  Evaluation 

1 

Little  Goose/Lower  Monumental/Ice  Harbor 

Design  Documentation  Reports 

1 

Appropriations 

1 

Contract  Documents 

1 

Construction 

2 

Post  Construction  Evaluations 

1 

Total 

16 

Option  3.  Additional  deflectors  and  powerhouse/spillway  splitter  wall  and  additional  9  spillbays. 

If  option  3  is  selected  for  implementation,  the  installation  of  all  features  will  likely  follow  the 
following  sequence:  1)  develop  TMDLs;  2)  prepare  a  decision  document  with  NEPA  documentation 
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(EIS);  3)  obtain  appropriations;  4)  design  and  build  the  modifications  to  the  first  selected  dam;  5) 
conduct  post  construction  evaluations  both  biologically  and  physically  to  achieve  a  proof  of  concept; 
and  6)  design  and  build  modifications  to  the  remaining  dams.  This  process  could  take  up  to  30  years 
if  each  dam  were  to  be  modified  in  a  sequential  process.  However,  if  funds  can  be  made  available, 
this  could  be  reduced  to  a  15  to  18  year  process  by  design  and  construction  of  modifications  to  more 
than  one  dam  simultaneously. 
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Additional  Spillbays  and  Training  Wall 


Figure  6-1.  Lower  Granite  Dam  DGAS  Alternatives 


Additional  Spillbays,  Training  Wall,  and  Additional  Deflectors 
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ANNEX  D 

TURBINE  PASSAGE  SURVIVAL  PROGRAM 


[This  annex  contains  a  report  prepared  for  other  puiposes  and  includes  word  tenses  that  are 
outdated  for  this  FR/EIS.  This  report  is  incorporated  into  Appendix  E  simply  because  of 

its  applicability.] 
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1.  Introduction 

1.1  Background 

Under  present  conditions,  direct  fish  survival  through  a  Columbia  and  Snake  river  turbine  ranges 
from  approximately  89  to  94  percent.  The  primary  focus  of  this  study  is  to  gather  information  that 
will  allow  an  accurate  evaluation  of  fish  passage  benefits  associated  with  turbine  operational 
changes  and  changes  resulting  from  the  incorporation  of  improved  fish  passage  turbine  design 
concepts.  Information  gained  from  this  study,  therefore,  may  be  incorporated  into  existing  turbine 
systems  in  two  ways:  through  operational  changes  and/or  future  turbine  rehabilitation  programs. 

In  response  to  the  Northwest  Power  Planning  Council’s  (NPPC)  request  to  enhance  the  survival  of 
migrating  adult  and  juvenile  salmonids  passing  the  Columbia  and  Snake  river  projects,  as  well  as 
the  National  Marine  Fisheries  Service  (NMFS)  1995  Biological  Opinion  for  system  operations  as 
Conservation  Measure  No.  5  (develop  a  program  to  study/improve  fish  passage  through  turbines); 
Reasonable  and  Prudent  Alternative  No.  6  (operation  of  turbines  within  1  percent  peak  efficiency); 
and  Reasonable  and  Prudent  Alternative  No.  15  (improving  fish  passage  with  a  goal  of  95  percent 
survival  through  each  project),  studies  for  various  improvements  to  these  projects  were 
undertaken.  In  1994,  the  Corps  completed  the  System  Configuration  Study  (SCS)  to  investigate 
various  improvements  to  the  Columbia  and  Snake  river  hydrosystems.  The  two  major  items 
corresponding  to  turbine  passage  survival  resulting  from  the  SCS  were  the  Turbine  Passage 
Survival  Workshop  and  the  Turbine  Basecase  Report. 

The  Turbine  Passage  Survival  Workshop  was  held  in  Portland,  Oregon  on  May  3 1  through  June  1, 
1995.  The  workshop  was  comprised  of  a  20-member  panel  of  engineering  and  biological  experts 
from  government,  industry,  and  universities,  along  with  over  50  non-panel  participants.  The  major 
goals  of  this  workshop  were  to:  1)  determine  how  to  deliver  fish  from  the  turbine  to  the  tailrace 
environment  that  are  ready  to  cope  with  the  river  environment,  2)  focus  on  those  uncertainties  that 
prevent  closure  on  developing  biological  turbine  design  criteria,  and  3)  identify  and  prioritize  the 
causal  agents  of  turbine  mortality.  The  general  conclusion  from  the  workshop  was  that  there  are 
physical  and  operational  modifications  to  the  turbines  that  have  already  been  identified  that  could 
possibly  increase  the  survival  of  fish  passing  through  the  turbine  environment. 

The  base  case  report,  entitled  “Turbine  Passage  Survival  Baseline  Turbine  Report,”  was 
completed  on  January  19, 1996.  The  purpose  of  the  base  case  report  was  to  gather  data  on 
physical  attributes  of  turbines  and  the  ability  to  perform  prototype  tests  for  eight  prospective  base 
case  sites.  Data  from  the  report  were  used  to  select  a  site  to  perform  engineering  and  biological 
prototype  tests  to  be  conducted  under  the  Turbine  Survival  Program  (TSP).  A  number  of  factors 
were  evaluated  in  determining  which  site  would  be  selected,  including  powerhouse  capacity  and 
the  ability  to  use  the  selected  unit  without  largely  interfering  with  hydrosystem  operations. 
McNary  Unit  5  was  selected  by  the  Corps  as  the  base  case  prototype  test  site.  This  decision  was 
made  in  coordination  with  regional  fishery  agencies,  tribes,  and  the  Bonneville  Power 
Administration  (BPA). 
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1.2  Turbine  Passage  Survival  Program 

The  TSP  has  been  organized  along  two  time  frames,  short-term  (Phase  I)  and  long-term  (Phase  II). 
The  goal  of  Phase  I  is  to  explore  methodologies  for  evaluating  and  understanding  fishery  impacts 
caused  by  turbine  operation,  develop  turbine  operational  changes  to  improve  fish  passage  through 
turbines,  identify  biological  criteria  for  use  in  turbine  re-design,  and  develop  recommendations  for 
future  turbine  studies.  Phase  II  will  implement  the  recommendations  described  in  the  TSP  Phase  I 
Final  Report.  Two  options  for  Phase  II  implementation  will  be  considered.  The  first  option 
consists  of  conducting  prototype  tests  on  a  modified  turbine  at  the  base  case  site,  McNary  Dam. 
The  second  option  consists  of  incorporating  results  directly  into  an  ongoing  rehabilitation  program. 

To  develop  biological  turbine  design  criteria,  operational  and  physical  modifications,  and  to 
provide  a  study  of  cost  effective  alternatives,  Phase  I  of  the  TSP  has  been  divided  into  three 
distinct  yet  integrated  tasks:  biological  studies,  engineering  studies,  and  hydraulic  modeling.  This 
report  presents  a  summary  of  efforts  and  results  achieved  on  each  of  the  tasks,  as  well  as  a 
discussion  of  future  activities  planned  for  the  turbine  program. 
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2.  Phase  I  Project  Study  Plan 

2.1  Program  Philosophy 

The  region  is  currently  evaluating  a  wide  range  of  significantly  different  strategies  for  restoring 
fire  anadromous  fish  runs  on  the  Snake  and  Columbia  rivers  to  acceptable  levels,  Portland  and 
Walla  Walla  Districts  have  developed  the  TSP  to  investigate  improving  juvenile  fish  passage 
through  the  turbine  environment  for  the  Corps  projects  located  on  the  Snake  and  Columbia  rivers. 
The  basis  for  this  program  is  reported  in  the  Columbia  River  Salmon  Mitigation  Analysis  System 
Configuration  Study  Phase  I,  Appendix  F,  dated  April,  1994.  This  report  was  prepared  in 
response  to  the  NPPC’s  Columbia  Fish  and  Wildlife  Program.  Section  6,  titled  “Turbine  Passage 
Survival,  describes  the  mechanisms  that  are  the  possible  causes  of  fish  injury  and  mortality  by 
passage  thr  ough  turbines.  These  mechanisms  include  abrasion,  strike  or  physical  impact,  shear, 
rapid  pressure  changes,  and  cavitation.  The  report  identified  that  further  investigation  is 
necessary  to  quantify  the  parameters  and  also  indicated  that  survival  through  the  hydrosystem  for 
many  Columbia  River  salmon  stocks  could  be  increased  with  improved  turbine  passage 
conditions. 

The  Project  Study  Plan  (PSP)  was  developed  for  the  TSP  to  outline  the  activities  which  will  be 
undertaken  to  conduct  the  investigation  of  short-term  and  possible  long-term  solutions  to  improve 
turbine  passage.  The  investigation  will  conclude  with  implementation  recommendations,  after 
which  a  decision  will  be  made  to  determine  if  turbine  studies  will  continue  into  Phase  n.  The 
follow  up  work  will  refine  and  verify  the  best  alternative  through  prototype  testing  to  ensure  it 
meets  defined  biological  performance  criteria. 

The  findings  from  this  study  will  be  incorporated  into  improved  turbine  operations  as  soon  as 
possible  and,  if  feasible,  recommendations  for  future  turbine  rehabilitation  programs  will  be 
made.  The  benefits  to  salmon  stocks  are  potentially  significant  and  cannot  be  ignored,  since  they 
would  accrue  over  the  life  of  a  rehabilitated  turbine,  which  is  estimated  to  be  35  to  50  years. 

Since  there  are  a  large  number  of  turbines  that  will  eventually  be  rehabilitated,  the  development 
of  new  turbine  designs  that  increase  fish  survival  over  existing  conditions  should  occur  as  soon  as 
possible  to  ensure  the  new  designs  can  be  incorporated  into  scheduled  turbine  rehabilitation 
programs. 

The  PSP  was  developed  in  coordination  with  activities  being  conducted  by  other  organizations, 
such  as  Public  Utility  Districts  (PUDs),  U.S.  Department  of  Energy  (DOE),  Electric  Power 
Research  Institute  of  Energy  (EPRI),  and  BPA.  This  coordination  was  done  to  eliminate 
duplication,  reduce  cost,  and  to  enhance  the  effectiveness  of  the  Corps’  turbine  program  (results 
from  these  related  programs  are  discussed  in  Section  4).  The  Corps’  study  is  intended  to  provide 
a  comprehensive  evaluation  of  the  effects  of  the  turbine  environment  on  fish  survival,  first  by 
physical  modeling  and  then  prototype  testing  on  a  base  case  unit.  The  difference  between  this 
program  and  the  other  related  activities  is  that  by  integrating  biological,  engineering,  and 
hydraulic  modeling  disciplines  and  conducting  all  tests  on  a  single  unit  configuration,  definite 
conclusions  can  be  drawn  regarding  tracing  the  route  offish  through  the  turbine,  collection  of 
data  on  the  pressures  and  velocities  along  that  route  and  the  effect  of  those  conditions  on  the  fish. 
None  of  the  related  activities  have  a  comprehensive  plan  such  as  this.  The  information  obtained 
from  this  program  will  be  incorporated  with  information  obtained  from  other  programs,  allowing 
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for  comprehensive  recommendations  to  be  provided  on  which  strategies  or  a  combination  of 
strategies  should  be  implemented  or  investigated  further. 

2.2  Program  Overview 

The  TSP  has  been  divided  into  three  distinct  yet  integrated  tasks:  biological  studies,  engineering 
studies,  and  hydraulic  modeling.  These  three  tasks  are  linked  functionally  and  across  fiscal  years; 
each  year  builds  on  the  results  from  the  previous  year.  The  scope  of  work  for  the  project  consists, 
in  part,  of  using  a  base  case  turbine  and  site  dedicated  for  engineering  and  biological  prototype 
testing.  The  prototype  tests  will  be  performed  on  the  selected  unit  for  existing  conditions  and 
modifications  to  existing  operations  to  obtain  baseline  information.  Hydraulic  modeling  of 
existing  conditions  will  provide  additional  information  that  cannot  be  collected  from  the 
prototype  studies.  Engineering  testing  consists  of  index  testing,  flow  measurement,  imaging 
investigations,  and  pressure  distribution  testing. 

2.2.1  Biological  Studies 

The  biological  prototype  testing  consists  of  fish  survival  and  condition  studies,  and  fish 
route/distribution  studies.  The  purpose  of  the  fish  survival  and  condition  studies  is  to  determine 
mortality  and  injuiy  rates  due  to  turbine  passage  under  current  conditions  and  operations.  The 
assessments  will  be  made  using  the  balloon  tag  methodology.  This  will  allow  fish  that  have 
passed  through  a  turbine  to  be  recaptured  in  the  immediate  tailrace.  Fish  will  be  released  at 
various  points  in  the  turbine  intake.  These  release  points  will  be  selected  based  on  hydraulic 
model  studies  of  the  turbine  passage  environment.  Fish  will  be  passed  through  areas  where  injury 
and  mortality  are  suspected  to  occur,  and  cause  and  effect  relationships  will  be  developed 
between  the  area  of  concern  and  fish  condition.  For  the  first  test  year,  these  studies  will  be 
conducted  at  McNary  Dam  Unit  9. 

A  study  of  fish  distribution  with  turbines  will  be  conducted.  The  primary  purpose  of  this 
component  of  the  TSP  is  to  compare  fish  trajectories  to  results  from  physical  hydraulic  model 
studies  to  determine  if  we  can  rely  on  the  physical  models  in  the  future  to  evaluate  various  turbine 
design  improvements  or  alternatives.  The  fish  distribution  study  is  comprised  of  three  phases: 

1)  coordinate  and  develop  a  methodology,  along  with  associated  equipment,  for  use  within  the 
turbine  environment  to  determine  within  turbine  fish  distribution;  2)  prototype  test  the  selected 
equipment  and  methodology;  and  3)  determine/map  fish  distribution  within  the  turbine 
environment  under  a  range  of  operations. 

In  addition  to  the  studies  at  McNary  Dam,  biological  testing  of  a  new  Minimum  Gap  Runner 
(MGR)  will  also  be  conducted  under  the  TSP.  MGRs  are  being  installed  at  Bonneville  First 
Powerhouse  as  part  of  an  ongoing  rehabilitation  program.  Fish  will  be  released  at  various 
locations  and  turbine  loadings  to  provide  an  overall  assessment  of  MGR  performance.  Results 
from  this  study  will  determine  whether  MGR  designs  should  be  considered  for  installation  at 
other  Snake  and  Columbia  river  powerhouses  through  upcoming  rehabilitation  programs. 

2.2.2  Engineering  Studies 

Initial  prototype  testing  will  “tune”  the  McNary  and  Bonneville  First  Powerhouse  turbines  for 
optimal  performance  with  and  without  fish  diversion  devices.  Operational  modifications  testing 
consists  of  testing  the  base  case  unit  under  various  operating  points  to  investigate  the  wicket 
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gate/blade  angle  combination  that  optimizes  fish  passage  conditions.  Initial  index  testing  will  be 
performed  to  assure  turbine  operating  conditions  are  consistent  with  the  design  and  present 
operating  parameters.  After  establishment  of  ‘‘on-cam”  performance  with  and  without  fish 
screens,  abbreviated  field-testing  will  be  performed  to  assure  “on-cam”  operation  of  the  prototype 
prior  to  biological  testing.  In  the  second  and  third  years  of  the  program,  operational 
modifications  will  be  considered  and  biological  tests  will  evaluate  biological  benefits  of  the 
operational  modifications,  if  needed.  Long-term  installation  of  instrumentation  and  data 
acquisition  equipment  for  monitoring  turbine  operation  will  be  required  to  maintain  definable 
turbine  operating  conditions  during  subsequent  biological  and  turbine  modification  field  testing. 
It  is  expected  that  an  index  test  will  be  performed  annually  for  at  least  3  years  to  confirm  correct 
operation  of  the  turbine  during  biological  testing. 

Index  measurement  equipment  consists  of  a  set  of  transducers  (pressure,  differential  pressure, 
linear,  rotational,  water  level  and  power  measurement),  data  acquisition  and  recording  equipment, 
reporting  and  data  reduction  equipment,  and  computer  monitoring.  This  equipment  will  be 
dedicated  for  field  testing  on  the  baseline  unit,  McNary  Unit  5.  Due  to  unexpected  problems  with 
Unit  5,  the  first  year  of  field  testing  will  be  conducted  on  Unit  9.  Once  the  Unit  5  problem  is 
corrected,  the  testing  will  be  returned  to  Unit  5. 

The  turbine  intake  will  initially  be  instrumented  with  sonic  measurement  equipment  suitable  for 
estimation  of  the  quantity  of  flow  and  water  velocity  profiles, 

2.2.3  Hydraulic  Modeling 

Physical  hydraulic  models  will  be  used  to  evaluate  the  hydraulic  conditions  within  the  turbine 
passage  way.  Sectional  models  of  the  powerhouse  intakes  will  be  used  to  define  both  turbine 
performance  characteristics  as  well  as  fish  related  hydraulic  conditions.  A  performance  model  for 
the  McNary  Turbine  unit  was  built  by  a  private  turbine  contractor.  Sectional  models  designed 
specifically  to  examine  hydraulic  conditions  within  the  intake  and  turbine  areas  were  built  at  the 
Corps  WES,  located  in  Vicksburg,  Mississippi,  for  both  the  McNary  and  Bonneville  projects. 

The  McNary  model  will  include  a  model  turbine,  the  downstream  draft  tube,  and  the  exit  to 
tailrace,  which  will  allow  for  detailed  examination  of  the  complete  passage  route  of  water  through 
the  turbine  environment.  The  Bonneville  model  will  only  be  modeled  through  the  wicket  gates 
and  stay  vanes.  These  models  are  made  of  clear  plexi-glass  which  allows  for  high  visibility  and 
easy  data  collection.  A  non-intrusive  laser  Doppler  velocimeter,  neutrally-buoyant  beads,  dye, 
videotape,  and  photography  are  being  utilized  to  collect  data  and  visualize  flow  patterns  and  fish 
passage  routes. 

Initial  testing  of  baseline  conditions  is  being  performed  on  the  McNary  model,  which  will  aid  in 
identifying  possible  problem  areas  within  the  turbine  environment.  Areas  to  be  studied  include 
the  flow  patterns  at  the  intake,  wicket  gates  and  stay  vanes,  the  turbine  runner,  the  length  of  the 
draft  tube,  and  draft  tube  discharge.  Flow  patterns  to  be  evaluated  include  water  velocity,  flow 
direction,  formation  of  vortices,  rapid  decelerations  and  accelerations,  and  turbulence. 
Information  from  this  testing  will  provide  input  on  key  locations  for  instrumentation  of  prototype 
engineering  and  fish  release  locations  for  the  biological  testing,  in  addition  to  providing  critical 
data  necessary  to  determine  direction  and  set  priorities  for  future  efforts. 
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2.3  Schedule 

The  PSP  was  designed  and  approved  as  a  3  year  program,  beginning  October  1,  1996.  Since  the 

inception  of  the  program  and  the  approval  of  the  PSP,  several  unexpected  events  have  occurred 

which  have  impacted  initial  program  schedules,  including: 

•  Program  funding  and  therefore  initiation  of  work  did  not  occur  until  the  middle  of  FY97 
(April,  1997).  This  resulted  in  effectively  shifting  schedules  back  by  approximately  6  months 
from  those  originally  approved. 

•  Funding  for  FY98  was  reduced  by  Congress  for  the  entire  Columbia  River  Fish  Mitigation 
Program,  of  which  the  Turbine  Passage  Survival  Program  is  a  component.  This  has  resulted 
in  the  extension  of  the  program  for  an  additional  year,  since  some  portions  of  the  program 
scheduled  for  FY98  have  been  delayed  due  to  funding  cuts. 

•  Due  to  unsuspected  damage  to  the  generator  of  Unit  6  at  Bonneville,  which  must  be  repaired 
prior  to  installation  of  the  MGR,  the  MGR  biological  testing  did  not  take  place  until  FY99, 
instead  of  FY98  as  originally  scheduled  and  approved. 

•  A  critical  path  item  that  was  not  anticipated  prior  to  October,  1997  is  the  requirement  for  the 
building  and  installation  of  a  set  of  stop  logs,  needed  in  order  for  dewatering  to  take  place 
prior  to  completion  of  the  MGR  biological  studies.  Bonneville  First  Powerhouse  has  two  sets 
of  stop  logs  already  constructed,  but  both  will  be  in  use  by  the  turbine  rehabilitation 
contractor  during  the  period  that  dewatering  for  the  MGR  biological  studies  needs  to  occur. 
This  component  was  added  to  the  FY98  program. 

•  The  baseline  Test  Unit  at  McNary  (Unit  5)  has  been  taken  down  for  repairs.  This  required 
moving  the  first  year  of  testing  to  Unit  9. 

A  current  multi-year  schedule  is  shown  in  Table  1. 


Table  1.  Current  Turbine  Passage  Survival  Program  Schedule  In  Fiscal  Years 
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Appendix  E 


2.4  Budget 

The  current  budget  is  significantly  different  than  that  originally  conceived  in  the  PSP,  for  the 
reasons  described  in  paragraph  2.3.  The  Turbine  Passage  Survival  Program  was  designed  and 
approved  as  a  3-year,  $7.6-million  dollar  project.  It  has  now  been  modified  to  a  4-year,  $6.6-million 
dollar  project.  The  current  multi-year  budget  is  shown  in  Table  2. 


Table  2.  Current  Turbine  Passage  Survival  Program  Cost  Estimate 


Activity 

FY  97 

FY  98 

FY  99 

FY00 

Fish  Distribution  Studies  - 
M1PR 

$262,000 

$65,000 

$300,000 

McNary  Baseline  Biological 
Contract 

$600,000 

$600,000 

Stop  Log  Contract 

$346,000 

Bonneville  MGR  -  Contract 

$34,000 

$800,000 

Initial  Instrumentation 
Procure/Install  -  McNary  - 
Contract 

$495,000 

Initial  Index 

T  esting/Operational 
Optimization  -  McNary 

$110,000 

$110,000 

$145,000 

Final  Index  Test  -  McNary 

$50,000 

$85,000 

$145,000 

McNary  Model  -  Design 
Model,  Develop  Techniques  - 
MEPR 

$235,000 

$440,000 

$120,000 

McNary  Model  -  in-house 
labor 

$88,000 

$120,000 

$75,000 

Engineering  Baseline  Testing 
Report 

$154,500 

Annual  Report 

$50,000 

$50,000 

$50,000 

Final  Report 

$191,000 

Support  Activities 

$55,000 

$150,000 

$275,200 

$97,300 

Yearly  Totals 

$1,295,000 

$1,400,000 

$2,664,700 

$938,300 

Multi-year  Total  =  $6,298,000 
Contingency  =  $3 14,900 
Project  Total  =  $6,612,900 
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3.  FY97  Task  Summaries 


3.1  Biological  Studies 

The  biological  studies  portion  of  the  TSP  in  1997  focused  on  study  design  development, 
planning,  and  equipment  procurement  and  commissioning.  Progress  made  to  date  is  summarized 
below  for  each  study. 

3.1.1  Minimum  Gap  Runner  Testing  at  Bonneville  First  Powerhouse 

3.1.1.1  General 

Post  construction  biological  evaluation  and  MGR  testing  was  originally  scheduled  for  the  fall  of 
1998  after  completion/installation  of  the  MGR  at  Bonneville  Unit  6.  The  installation  of  the  MGR 
was  delayed,  however,  which  delayed  the  fish  condition  and  survival  tests  until  the  spring  of 
1999.  Following  is  a  summary  of  the  work  completed  in  1997  towards  development  of  a  study 
plan,  including  equipment  and  an  engineering  review  to  develop  and  design  test  fish  release 
apparatus. 

3.1.1.2  Study  Objectives 

The  goals  of  the  MGR  test  at  Bonneville  First  Powerhouse  are  to: 

•  Monitor  the  newly  installed  MGR  and  estimate  survival  and  condition  of  fish  passing  the  unit. 

•  Determine  whether  installation  of  additional  MGR  units  will  help  achieve  the  recovery  goals 
outlined  in  the  NMFS  1995  Biological  Opinion. 

•  Gain  information  regarding  fish  condition  and  mortality  that  will  be  used  in  the  TSP  to 
develop  more  “fish-friendly”  turbines. 

The  objectives  required  to  fulfill  the  study  goals  are: 

•  Objective  1:  Obtain  overall  survival/fish  condition  estimates  with  a  precision  of +/-3 
percent,  90  percent  of  the  time  for  an  existing  unit  and  an  MGR  unit  operating  at  peak 
efficiency.  Monitor  fish  injury  types  and  condition  to  ensure  that  the  MGR  unit  provides 
a  fish  passage  environment  at  least  as  safe  as  the  existing  units.  The  overall  survival/fish 
condition  estimates  will  be  pooled  estimates  for  fish  released  at  three  locations  that  carry 
them  near  the  blade  tip,  near  the  hub,  and  a  “MIP”  or  Minimum  Injury  Path  release  for 
both  turbines.  Also,  test  to  determine  if  the  overall  survival  rate  for  the  MGR  unit  is 
statistically  higher  than  the  existing  unit  at  a  power  of  l-b=0,80  and  a  significance  of  a=0. 10. 

•  Objective  2:  Obtain  survival  estimates  with  a  precision  of +/-3  percent,  90  percent  of  the 
time  for  fish  passing  the  blade,  hub,  and  MIP  in  the  MGR  unit  and  existing  unit  operating 
at  peak  efficiency.  Also,  test  to  determine  if  the  survival  estimates  for  the  three  routes  of 
passage  through  the  MGR  and  existing  units  are  different  statistically  at  power  of  l-b=0.80 
and  a  significance  of  a=0,10.  These  tests  will  be  conducted  at  peak  efficiency. 
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•  Objective  3:  Increase  the  precision  of  the  comparison  between  the  MGR  unit  and 
existing  unit  to  +1-2  percent,  90  percent  of  the  time  for  both  units. 

•  Objective  4:  Obtain  survival/injury  estimates  with  a  precision  of  +/-3  percent,  90  percent 
of  the  time  from  an  existing  and  MGR  unit  for  fish  passed  through  each  unit,  with  both 
units  operating  outside  the  one  percent  operating  range. 

3.1.1.3  Study  Design 

This  study  will  involve  releasing  balloon  tagged  juvenile  salmonids  through  various  routes  in  a 
turbine  unit.  This  involved  using  a  1:25  scale  hydraulic  model  of  the  Bonneville  First 
Powerhouse,  located  at  WES,  to  identify  release  points  in  the  turbine  intake  that  will  allow  fish  to 
pass  the  turbine  runner  in  areas  that  are  suspected  of  causing  injury  (i.e.,  near  the  hub  and  the 
blade  tip).  These  are  the  areas  of  concern  that  have  been  addressed  by  the  MGR. 

Soon  after  the  fish  are  released  (and  after  they  pass  the  turbine),  the  balloon  tag  will  inflate, 
forcing  the  fish  to  the  surface  where  they  can  be  recovered  in  the  tailrace.  Each  fish  will  also  be 
tagged  with  an  external  radio  tag  to  aid  in  recovery.  Immediately  upon  recovery,  tags  will  be 
removed  and  the  fish  will  be  examined  for  external  injury.  The  fish  will  then  be  transported  to  a 
holding  pond  and  will  be  held  for  48  hours  and  then  be  examined  again  to  determine  delayed 
effects  and  mortality. 

3.1.1.4  Release  Points 

Members  of  the  TSP  team  met  at  WES  for  the  purpose  of  discussing  the  use  of  the  hydraulic 
models  to  assist  in  the  development  of  release  points  within  the  turbine  for  the  study.  While  the 
main  focus  of  the  discussions  on  fish  release  points  was  McNary,  the  same  infonnation  will  be 
applied  to  Bonneville  for  the  MGR  studies. 

The  release  points  will  be  based  on  the  anticipated  fish  path  as  it  passes  the  turbine  unit.  The  idea 
behind  these  releases  is  to  attempt  to  isolate  areas  of  fish  injury  within  the  turbine.  Fish  releases 
were  developed  using  neutrally  buoyant  beads  in  the  physical  model  to  direct  fish/beads  to  pass  in 
a  specific  area  where  it  was  thought  injury  may  occur  and  where  specific  improvement  in  the 
turbine  has  occurred  (MGR  unit).  The  release  points  were  chosen  to  allow  a  fish  to  pass  through 
an  area  of  concern  and  then  have  the  rest  of  the  passage  be  along  what  has  been  identified  as  the 
MIP.  At  Bonneville,  three  release  “paths”  were  identified  in  FY97.  In  addition  to  a  tailrace 
release,  the  release  points  were  selected  to  have  fish  pass  the  blade  tip,  the  hub,  and  the  MIP. 
These  releases  will  be  made  in  both  the  MGR  and  an  existing  unit. 

3.1.1. 5  Estimated  Fish  Numbers  and  Precision  of  Estimates 

The  number  of  fish  required  for  this  study  are  dependant  on  several  factors.  The  recovery  rate  of 
treatment  and  control  fish,  the  survival  of  treatment  and  control  fish,  and  the  expected 
survival/injury  rates  of  treatment  fish,  as  well  as  the  expected  precision  all  play  a  factor  in 
determining  the  number  of  fish  used.  For  this  study  design,  some  assumptions  were  made  for 
calculation  of  expected  fish  numbers.  A  98  percent  recovery  of  control  fish,  98  percent  survival 
of  control  fish,  and  a  92  to  98  percent  survival  of  treatment  fish  (dependant  on  release)  was 
assumed.  The  expected  level  of  precision  was  +1-2  percent  or  3  percent,  depending  on  the 
objective. 
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Based  on  these  assumptions,  the  following  is  an  estimate  of  the  number  of  fish  required  for  each 
release  point  and  expected  level  of  precision.  It  should  be  noted  that  due  to  the  nature  of  the  test 
and  the  almost  immediate  results,  fish  numbers  can  be  modified  daily,  if  required,  to  achieve  the 
desired  precision  of  the  estimate. 


Option  1:  Blade  tip 

Hub 
MIP 
Control 
SUB  TOTAL 


=  240  fish  (for  each  unit) 
=  240  fish  (for  each  unit) 
=  240  fish  (for  each  unit) 
=  720  fish  total 
=  2, 160  fish 


Option  2:  Note:  fish  needed  for  Option  2  are  ADDED  to  fish  needed  for  Option  1. 

Blade  tip  =160  fish  (for  each  unit) 

Hub  =160  fish  (for  each  unit) 

MIP  =160  fish  (for  each  unit) 

Control  =160  fish  total 

SUB  TOTAL  =  1,120  additional  fish 

Option  3:  Note:  fish  needed  for  Option  3  are  ADDED  to  fish  needed for  Options  1  and  2. 

Blade  tip  =  200  fish  (for  each  unit) 

Hub  =  0  fish  (for  each  unit) 

MIP  =  0  fish  (for  each  unit) 

Control  =  200  fish  total 

SUB  TOTAL  =  600  additional  fish 

Total  fish  required  to  complete  all  objectives  is  3,880. 

3.1.1.6  Schedule 

This  study  is  scheduled  to  be  completed  in  the  fall  of  1999.  It  is,  however,  dependent  upon  the 
scheduled  installation  of  the  MGR  unit  and  the  availability  of  funding  in  FY99. 

3.1.2  Fish  Condition/Survival  Testing  at  McNary  Dam 

The  objective  of  this  study  is  to  determine  causal  mechanisms  or  areas  of  injury  to  juvenile 
salmonids  within  the  turbine  environment  through  multiple  releases  of  fish  into  the  turbine  intake. 

The  study  will  use  the  “balloon  tag’  or  “Turbn’  Tag”  methodology  to  measure  direct  mortality 
and  injury  of  juvenile  fish  passing  through  the  turbine  environment  from  multiple  release  sites  in 
the  turbine  intake.  The  fish  release  points,  which  will  be  made  in  specific  locations  to  identify  the 
effects  of  passage  through  specific  areas  in  the  turbine,  were  determined  using  a  1:25  sectional 
turbine  model  at  WES.  Release  points  will  be  selected  to  place  fish  in  an  anticipated  “path” 
through  the  turbine  passage  in  an  attempt  to  isolate  areas  of  potential  injury  (i.e.,  near  the  hub,  at 
the  blade  tip,  near  the  intake  roof,  wicket  gates,  etc.).  The  number  of  release  points  is  expected  to 
be  approximately  four,  plus  tailrace  releases. 

The  baseline  test  unit  for  this  study  is  Unit  5  at  MeNary  Dam.  This  unit  unexpectedly  went  down 
for  repairs,  which  resulted  in  the  first  year  test  program  being  switched  to  Unit  9.  The  turbine 
will  be  tested  under  one  flow  condition. 
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Fish  will  be  released  immediately  upstream  of  the  turbine  distributor  and  recaptured  in  the 
tailrace  below  the  project.  Tailrace  releases  will  be  made  downstream  of  the  turbine  boil.  Fish 
will  then  be  inspected  for  injury  and  mortality.  Fish  that  are  recaptured  alive  will  then  be  held  in 
circular  tanks  for  48  hours  to  determine  any  delayed  mortality. 

The  use  of  Passive  Integrated  Transponder  (PIT)  tags  was  considered  for  the  first  year  of  study  to 
help  understand  some  of  the  indirect  effects  of  turbine  passage.  Since  the  main  objective  of  the 
first  year  of  study,  however,  is  to  identify  areas  within  the  turbine  that  cause  direct  injury  to 
juvenile  salmonids,  it  was  decided  that  the  balloon  tag  methodology  was  best  suited  for  collection 
of  direct  injury  information.  The  use  of  PIT  tags  in  the  second  year  of  study  will  be  considered  to 
assess  both  the  direct  and  indirect  components  of  turbine  mortality. 

3.1.2.1  Release  Points 

The  release  points  will  be  based  on  the  anticipated  fish  paths  as  they  pass  the  turbine  unit.  The 
idea  behind  these  releases  is  to  attempt  to  isolate  areas  of  fish  injury  within  the  turbine  passage. 
Fish  releases  were  developed  using  physical  models  at  WES  to  direct  fish  to  pass  through  a 
specific  area  where  it  is  thought  injury  may  occur.  For  example,  the  potential  for  injury  when  a 
fish  strikes  a  wicket  gate  will  be  studied  by  releasing  a  fish  such  that  it  has  a  high  potential  of 
striking  the  wicket  gate  (based  on  particle  modeling)  and  then  follow  the  MIP  the  rest  of  the  way 
through  the  turbine.  This  will  allow  the  isolation  of  areas  of  concern  within  the  turbine  passage. 
Through  physical  modeling  and  use  of  neutrally  buoyant  beads  placed  in  the  model,  the  team 
developed  several  areas  of  concern.  It  appears  injury  may  be  occurring  (based  on  studies  with 
neutrally  buoyant  beads)  when  fish  strike  the  wicket  gates  and  stay  vanes,  fish  pass  the  blade  tip, 
fish  pass  the  hub,  and  fish  strike  the  draft  tube  pier.  Priority  will  likely  be  placed  on  the  wicket 
gate/stay  vanes,  blade  tip,  and  the  hub  for  the  first  year  of  study.  After  viewing  the  model,  it  was 
determined  that  blade  strike  did  not  occur  at  any  definable  point  and  that  it  would  be  difficult  to 
set  up  fish  releases  with  a  high  probability  of  strike  on  the  blade,  although  it  is  noted  that  blade 
strike  has  been  mentioned  by  other  authors  as  an  area  of  concern. 

3.1.2.2  Estimated  Fish  Numbers  and  Precision  of  Estimates 

The  number  of  fish  used  will  be  approximately  250  per  release  (test  and  control).  This  release 
size  will  allow  detection  of  approximately  +/-3  percent  differences  between  the  control  releases 
and  test  releases.  This  precision  should  be  sufficient  to  determine  if  and  where,  relative  to 
targeted  areas  of  concern  within  the  turbine  environment,  the  injuries  are  caused  and  to 
statistically  determine  whether  there  is  a  difference  in  survival  between  release  groups. 
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3.1.2.3  Schedule 

This  study  was  completed  during  the  spring  of  1999.  Results  are  currently  being  analyzed. 

3.1.3  Fish  Distribution  through  Turbine  Passage 

An  important  component  of  prototype  test  results  is  fish  distribution  through  the  turbine  passage. 
After  biological  results  from  prototype  tests  are  available,  the  number  of  fish  that  would  be 
passing  through  injury  areas  needs  to  be  quantified  in  order  to  evaluate  their  impact  on  species 
survival.  An  area  that  causes  high  damage  to  a  small  number  offish  may  be  of  less  concern  than 
an  area  with  more  moderate  fish  damage,  but  with  larger  numbers  of  fish  passing  through. 

In  order  to  estimate  fish  distribution,  existing  distribution  information  will  be  used  to  set  up  a 
computer  model.  This  information  will  be  used  to  evaluate  the  likelihood  that  fish  will  enter 
anticipated  injury  areas  identified  in  the  fish  passage  model  and  prototype. 

3.1.4  Fish  Trajectory  Mapping 

The  in-turbine  fish  trajectory-mapping  task  requires  the  use  of  ultrasonic  and  imaging  technology. 
The  data  acquisition  portion  of  an  ultrasonic  fish  tracking  system  was  designed.  Three  additional 
elements  are  also  under  development:  an  ultrasonic  transmitter,  a  neutrally  buoyant  package  for 
the  ultrasonic  transmitter,  light  emitting  tag,  and  software  to  process  data  and  to  assist  with 
deployment  of  the  tracking  system. 

Three  different  contractors  are  pursuing  the  ultrasonic  transmitter,  ultrasonic  tracking  system  and 
processing  of  tracking  system  output,  and  the  tracking  system  data  analysis  software.  WES  is 
pursuing  development  of  the  neutrally  buoyant  package  for  the  ultrasonic  transmitter  and  light 
emitting  tags. 

3.1.5  Statistical  Model  for  Estimation  of  Overall  Turbine  Survival  Rates 

Limited  work  was  completed  in  the  development  of  a  model  that  would  incorporate  data  from  the 
survival/injury  studies  and  fish  trajectory  mapping  study,  as  well  as  past  vertical  distribution  data, 
and  develop  an  overall  survival  estimate  that  could  be  mapped  back  to  the  population  at  large.  It 
is  expected  that  this  work  will  be  completed  by  Dr.  John  Skalski  of  the  University  of  Washington. 
The  model  will  use  a  series  of  conditional  probabilities  to  develop  overall  fish  survival  estimates 
and  will  be  based  on  straightforward  principles  of  probability  theory. 

3.2  Engineering  Studies 

3.2.1  General 

Engineering  investigations  identified  in  the  PSP  consisted  of  turbine  operational  optimization 
studies,  turbine  environment  studies,  and  turbine  design  studies.  Each  of  these  areas  would  be 
examined  with  both  turbine  model  and  prototype  testing  and  evaluation.  Two  prototype  sites  for 
biological  and  engineering  testing  work  have  been  identified  as: 

•  McNary  Unit  5,  selected  by  the  Corps  and  approved  by  the  Region  for  evaluation  of 
existing  Kaplan  turbines.  The  program  calls  for  examining  and  evaluating  fish  mortality 
in  an  existing  Kaplan  turbine  and  evaluating  the  effects  on  fish  mortality  of  operational 
and  design  changes  to  an  existing  turbine.  The  work  is  to  include  investigations  into  the 
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possible  mechanisms  within  the  turbine  which  affect  fish  survival  and  develop  and 
investigate  design  solutions  which  reduce  (or  eliminate)  juvenile  fish  injury  or  mortality. 
Recommendations  for  design  improvements  developed  in  Phase  I  would,  if  funded,  be 
evaluated  in  Phase  II  of  the  TSP. 

•  Bonneville  First  Powerhouse  rehabilitated  turbine.  Additional  engineering  and  economic 
evaluations  of  the  replacement  turbine  runners  for  the  Bonneville  First  Powerhouse  were 
added  to  the  TSP  during  the  approval  process  of  the  PSP.  Features  which  improved 
turbine  efficiency  and  should  reduce  likely  sources  of  turbine  juvenile  fish  injury  or 
mortality  were  included  in  the  design  and  procurement  of  a  replacement  Kaplan  turbine 
identified  as  a  MGR  has  been  undertaken.  In  order  to  evaluate  the  effects  of  the  MGR  on 
juvenile  fish  passage  and  to  determine  whether  MGR’s  should  be  considered  in  future 
turbine  rehabilitation  programs,  engineering  and  biological  tests  comparing  an  existing 
Bonneville  Kaplan  turbine  to  the  MGR  were  added  to  the  TSP  program. 

3.2.2  Operational  Optimization 

The  operational  optimization  of  McNary  Unit  5  included  the  performance  of  a  turbine  Index  test, 
which  identified  operating  conditions  that  are  consistent  with  the  design  and  present  operating 
parameters.  This  testing  assures  that  the  turbine  will  be  operating  as  efficiently  as  possible  prior 
to  actual  biological  testing.  This  field  Index  test  was  performed  with  and  without  fish  diversion 
devices  in  place. 

3.2.3  Turbine  Environment  Studies 

3.2.3.1  General 

The  purpose  of  these  studies  is  to  better  define,  in  engineering  terms,  existing  conditions  within 
the  turbine  water  passage  environment.  The  studies  consist  of  quantifying  conditions  within  a 
turbine  during  operation.  Both  laboratory  and  prototype  work  will  be  performed  to  attempt  to 
identify  hydraulic  and  engineering  design  criteria  limits.  These  limits  can  then  be  biologically 
evaluated  to  determine  if  a  causal  effect  between  the  turbine  environment  and  fish  mortality 
exists.  Three  areas  to  be  investigated  under  this  program  include:  1)  turbine  environmental 
imaging,  2)  prototype  pressure  distribution,  and  3)  coordination  with  WES  hydraulic  studies. 
These  tasks  were  identified  by  the  TSP  team  as  a  lower  priority  or  incidental  work; 
accomplishments  are  identified  elsewhere  in  this  report. 

3.2.3.2  Turbine  Environmental  Imaging 

The  purpose  of  turbine  environmental  imaging  is  to  investigate  the  interior  of  a  turbine  water 
passage  and  how  juvenile  fish  may  respond  to  the  turbine  environment. 

3.2.3.3  Prototype  Pressure  Distribution 

Two  existing  piezometric  taps  in  the  turbine  intake  were  selected  for  recording  gauge  pressure 
during  the  McNary  Unit  5  field  test.  Measurement  of  six  water  passage  sections  in  a  model 
turbine  test,  being  performed  on  a  Lower  Granite  Kaplan  turbine,  was  also  added  to  the  required 
model  measurements. 
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3.2.3.4  Coordination  with  WES  Hydraulic  Studies 

Basic  observational  testing  was  also  done  utilizing  the  assistance  and  experience  of  WES  to 
determine  what,  where,  and  how  to  measure  various  water  passage  parameters  of  engineering  and 
biological  interest.  This  is  described  in  detail  in  Section  3.3. 

3.2.4  Turbine  Design  Studies 

3.2.4.1  General 

The  proposed  investigations  are  to  incorporate  numerical  modeling,  hydraulic  modeling,  and 
turbine  performance  model  testing  with  prototype  field  measurements  to  better  define,  in 
engineering  terms,  the  physical  conditions  within  a  turbine  water  passage.  After  initial  definition 
of  turbine  water  passage  conditions,  application  of  turbine  environmental,  and  juvenile  biological 
limits  to  the  predicted  turbine  water  passage  conditions  will  be  made.  Results  will  indicate 
potentially  dangerous  or  unsatisfactory  areas  or  mortality  mechanisms  within  an  existing  turbine 
water  passage.  These  areas  will  then  be  examined  in  the  WES  models  to  assess  biological 
impacts  and  to  determine  if  design  modifications  can  be  made  to  these  areas  to  improve  fish 
passage  conditions.  In  the  future,  these  modifications  may  be  turbine  performance  modeled  and, 
if  results  are  successful,  the  design  changes  may  be  incorporated  into  an  existing  prototype  design 
and  field  tested  to  determine  improvements  in  juvenile  fish  passage  survival.  The  existing  PSP 
calls  for  initial  investigative  work  by  three  modeling  methods:  1)  computer  numerical  modeling, 
2)  WES  hydraulic  modeling,  and  3)  turbine  performance  model  testing.  These  three  investigative 
techniques  are  to  be  coordinated  with  other  on-going  turbine  environmental  studies,  modeling, 
and  prototype  field  testing  efforts. 

3.2.4.2  Computer  Numerical  Modeling 

Computer  numerical  modeling,  called  computational  fluid  dynamics  (CFD),  has  been  used  by 
industry  for  some  years  to  develop  preliminary  turbine  designs  for  actual  hydraulic  turbine 
performance  model  testing.  The  DOE,  through  the  Advanced  Hydropower  Turbine  System 
Program  (AHTS),  utilized  the  CFD  analysis  beyond  the  design  of  Kaplan  turbine  runner  blades. 
The  initial  work,  outlined  in  the  PSP  for  FY97,  was  to  develop  plans  and  specifications  for 
procurement  of  services  to  develop  the  McNary  Unit  5  CFD  model.  The  CFD  model  would  be 
calibrated  and  tested  using  model  and  prototype  measurements  to  assure  reasonable  results  were 
obtainable.  After  development  of  an  acceptable  CFD  model,  design  modifications  to  the  existing 
turbine  model  could  be  made  to  assess  the  resulting  hydraulic  and  turbine  performance  impacts. 
Currently,  legal  concerns  regarding  Intellectual  Property  Rights,  poor  results  from  other  on-going 
CFD  work,  and  lack  of  necessary  detail  have  limited  the  effective  work  in  this  area. 

3.2.4.3  WES  Hydraulic  Modeling 

Information  on  hydraulic  modeling  at  WES  is  provided  in  Section  3.3. 

3.2.4.4  Turbine  Performance  Model  Testing 

During  FY97,  results  of  various  turbine  performance  model  tests  which  were  funded  outside  of 
the  scope  of  the  TSP  were  incorporated  into  the  hydraulic  modeling  at  WES,  Data  obtained  from 
these  tests  were  also  used  in  the  development  of  prototype  test  plans  for  the  FY98-99  engineering 
and  biological  field  tests  at  McNary  and  Bonneville.  See  Section  4.6  for  additional  information. 
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3.3  Hydraulic  Modeling 

3.3.1  General 

The  PSP  defines  the  need  to  understand  the  hydraulic  conditions  within  the  turbine  environment 
in  order  to  develop  reasonable  solutions  to  the  problem  of  fish  passing  through  turbines. 
However,  trying  to  understand  what  is  happening  within  a  prototype  turbine  on  the  Snake  and 
Columbia  river  is  extremely  complicated.  The  conditions  are  very  harsh,  with  velocities  as  high 
as  50  ft/s,  rapid  pressure  changes,  rapid  flow  de-accelerations,  high  levels  of  shear,  and  constantly 
changing  relationships  between  water  flow  and  rotating  parts.  Other  complications  include  the 
large  size  of  the  turbine  passage  area,  the  difficult  access  due  to  the  depth  of  the  intake,  and  the 
limited  visibility  due  to  high  turbidity.  Cameras  can  only  capture  a  few  feet  of  the  water  column 
that  may  be  20  feet  wide,  over  45  feet  high,  and  100  feet  long. 

The  use  of  hydraulic  scale  models  offer  solutions  to  many  of  the  difficulties  associated  with 
turbine  study.  Two  types  of  hydraulic  models  are  being  used  in  this  study:  performance  models 
(typically  used  by  turbine  manufactures  to  determine  expected  turbine  performance)  and  fish 
passage  models  (used  to  examine  flow  characteristics  through  the  turbine  passage.  See  Section 

3.3.2. 1  for  more  information  on  these  two  types  of  models.  Due  to  the  smaller  scale,  the 
improved  access,  and  better  visibility,  options  can  be  built  and  tested  faster  in  a  model  than  in  the 
prototype,  at  a  much  lower  cost.  Studies  are  not  linked  to  the  fish  window,  allowing  year-round 
testing.  These  models  can  also  be  used  to  develop  prototype  tests  and  provide  information  for 
input  into  numerical  models  (important  for  study  of  the  turbine  area). 

While  hydraulic  models  enhance  the  ability  to  understand  what  is  physically  happening  within  the 
turbine  environment,  information  on  how  these  conditions  actually  affect  fish  passage  is  still 
required.  In  addition,  it  is  important  to  verify  that  the  models  are  accurately  representing 
prototype  conditions.  Therefore,  it  is  critical  that  the  model  test  program  be  closely  tied  to  a 
prototype  test  program  (including  both  physical  and  biological  testing)  to  verify  conditions 
identified  in  the  models. 

3.3.2  Hydraulic  Models 

3.3.2.1  Turbine  Performance  Model  and  WES  Sectional  Model  Testing 

Two  types  of  hydraulic  models  were  used  to  evaluate  turbine  passage:  performance  models  and 
fish  passage  models.  Results  of  various  turbine  performance  model  tests,  funded  outside  of  the 
scope  of  the  TSP,  have  been  incorporated  into  the  hydraulic  modeling  at  WES,  as  well  as  in 
developing  the  prototype  test  plans  for  the  FY98  to  FY99  engineering  and  biological  field  tests  at 
McNary  and  Bonneville.  The  focus  of  these  models  is  to  determine  power  and  turbine 
performance  issues.  Curves  and  turbine  settings  related  to  turbine  performance  were  developed 
using  these  models.  Since  the  model  is  made  of  steel,  limited  visual  access  is  available. 

Specifically  for  the  McNaiy  effort,  different  modeling  techniques  and  the  effects  of  fish  diversion 
devices  are  being  investigated  by  performance  models  to  determine  which  best  represents 
prototype  turbine  performance  with  fish  screens  installed  in  the  intakes.  Turbine  performance 
modeling  is  being  used  to  identify  the  predicted  prototype  performance  response  and  has  been 
selected  over  comprehensive  prototype  field  testing  because  of  cost,  accuracy,  and  flexibility. 
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The  sectional  models  built  at  WES  for  this  study  are  made  of  Plexiglas,  which  allows  visual 
access  to  nearly  the  entire  turbine  passage.  Beads  and  dye  were  used  in  combination  with  high 
speed  photography  and  velocity  laser  readings  to  locate  likely  fish  injury  areas  (associated  with 
turbulence,  bead  strikes,  etc,).  The  turbine  blade  angles,  wicket  gate  angles,  and  turbine  speeds 
for  a  given  flow  condition  which  were  developed  in  the  performance  models  were  used  in  these 
models  to  simulate  the  prototype. 

3.3.2.2  Model  Description 

The  McNary  1:25  scale  turbine  model  is  the  main  model  studied  for  this  project.  See  Plate  A  for 
more  information.  It  represents  an  entire  turbine  unit  from  the  entrance  through  the  draft  tube 
outlet  into  the  tailraee.  Included  are  thr  ee  intake  bays,  trashracks,  intake  gate  slots,  bulkhead 
slots,  fish  screens,  a  scroll  case,  stay  vanes,  wicket  gates,  a  turbine,  and  a  draft  tube.  The  model 
turbine  was  built  by  an  independent  contractor.  This  contractor  also  developed  performance 
curves  for  the  1:25  scale  turbine  unit  with  and  without  extended  submersible  bar  screens 
(ESBSs),  Contractor  information,  along  with  previous  WES  model  information,  were  used  to 
calibrate  the  WES  model  and  ensure  representation  of  the  prototype. 

A  Bonneville  Dam  1:25  scale  fish  passage  model  is  also  being  used  in  this  study.  This  model 
represents  the  intake  down  to  the  turbine  scroll  case  (it  does  not  contain  an  operational  turbine,  or 
any  components  downstream  of  the  turbine)  and  will  be  used  to  help  determine  fish  release 
locations  for  biological  testing  of  the  MGR  turbine  scheduled  for  1999  installation. 

3.3.3  McNary  Model  Test  Set-Up 

3.3.3.1  Testing  Goals 

Model  testing  goals  for  the  turbine  survival  program  included  the  following: 

•  Obtain  a  qualitative  overview  of  zones  through  the  intake,  turbine,  draft  tube,  and  tailraee 
(with  and  without  ESBSs) 

•  Perfect  data  collection  techniques  in  model 

•  Locate  and  understand  possible  areas  of  fish  injury  (strike,  pressure  changes,  velocity,  shear,  etc.) 

•  Determine  equipment  placement  for  fish  imaging  and  pressure  measurements  in  prototype 

•  Develop  a  plan  for  testing  critical  passage  zones  in  the  prototype  (including  both  physical  and 
biological  testing) 

Future  goals  for  the  turbine  survival  program  include  the  following: 

•  Perfect  data  collection  techniques  in  prototype 

•  Develop  prototype  tests  to  examine  biological  impacts  of  current  operation  and  any  proposed 
improvements 

•  Identify  operational  improvements  to  existing  system 

•  Identify  physical  improvements  to  existing  system 

•  Collect  information  for  input  into  a  numerical  model  of  the  turbine  area 
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3.3.3.2  Data  Collection  Techniques 

Techniques  used  to  collect  data  in  the  model  include: 

•  Neutrally  buoyant  beads — These  were  used  to  identify  flow  lines  and  determine  possible  fish 
hazards  (such  as  “strike”)  downstream  of  the  intake  gate  slots. 

•  Dye  tracings — Dye  was  used  to  confirm  bead  paths. 

•  High-speed  video — Three  different  video  speeds  were  used  to  record  bead  paths.  Video  was 
shot  at  500  frames  per  second  near  the  wicket  gates,  1,000  frames  per  second  in  the  turbine 
area  and  240  frames  per  second  in  the  draft  tube. 

•  Digital  photography — Digital  cameras  (shooting  at  speeds  up  to  100  million  frames  per 
second)  were  used  to  provide  stop  action  photos  of  bead  passage,  turbine,  etc.. 

•  Two  dimensional  laser — Two  dimensional  laser  measurements  were  used  to  calibrate  the 
WES  model.  Velocity  measurements  between  previous  WES  data,  independent  contractor 
data,  and  current  model  operation  were  compared. 

•  Three  dimensional  laser — This  laser  will  be  used  to  obtain  three  dimensional  flow 
information  in  the  turbine  and  wicket  gate  areas. 

•  Pressure  readings — Pressure  readings  will  be  used  to  double  check  prototype  and  numerical 
model  information. 

More  information  on  data  collection  techniques  can  be  found  in  Appendix  A. 

3.3.3.3  Zone  Definition 

The  turbine  passageway  was  divided  into  eight  zones  for  study  (see  Figure  1).  Zone  numbers  on 
Figure  1  correspond  with  those  on  the  following  list.  Zones  will  be  looked  at  one  at  a  time  and 
combined  for  a  complete  evaluation  of  the  flow  lines  and  patterns  from  the  entrance  to  the  tailrace 
exit.  The  following  zones  are  presented  in  their  order  of  study: 

1 .  Intake  gate  slot  through  start  of  scroll  case 

2.  Scroll  case 

3.  Stay  vanes,  wicket  gates,  and  turn  into  turbine  area 

4.  Turbine  runner  and  hub 

5.  Draft  tube  expansion  and  elbow  to  pier  nose 

6.  Draft  tube  pier  nose  to  exit 

7.  Draft  tube  exit  into  tailrace 

8.  Intake  entrance  to  intake  gate  slot. 

The  intake  entrance  to  intake  the  gate  slot  section  will  be  evaluated  last  to  simplify  flow  line 
analysis  with  ESBSs  installed.  Since  ESBSs  cause  major  flow  disturbances  (such  as  turbulence 
and  redistribution  of  flow),  it  was  determined  that  the  best  way  to  analyze  turbine  passage  was  to 
concentrate  on  conditions  downstream  of  the  ESBSs.  The  area  upstream  of  the  ESBSs  will  be 
studied  to  determine  the  extent  of  flow  disturbances  and  to  determine  the  probable  flow  re¬ 
distribution,  as  well  as  to  estimate  potential  impacts  on  non-guided  fish. 
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3.3.3.4  Model  Set-up 

Model  turbine  speed  was  set  at  428.5  revolutions  per  minute  (rpm).  This  is  comparable  to  the 
prototype  turbine  speed  of  85.7  rpm.  Stay  vanes  were  numbered  and  grids  were  added  (dividing 
vanes  vertically  into  four  equal  sections)  to  aid  in  identifying  bead  passage  through  the  vanes. 
Turbine  blades  were  also  numbered.  While  grids  were  originally  tried  on  the  blades,  this  was 
abandoned  in  favor  of  a  two  camera  system,  which  shows  three  dimensional  bead  location 
through  the  turbine. 

The  following  conditions  were  used  during  model  testing  unless  otherwise  indicated: 

•  Turbine  flow  12,400  cfs 

•  Turbine  blade  angle  25.75  degrees 

•  Wicket  gate  angle  39  degrees 

•  Forebay  elevation  340  feet  National  Geodetic  Vertical  Datum  (NGVD) 

•  Tailwater  elevation  265  feet  NGVD 

3.3.4  McNary  Model  Test  Results 

3.3.4.1  Flow  Lines  and  Fish  Paths 

General 

Testing  in  the  WES  Plexiglas  models  evaluated  flow  lines  downstream  of  the  intake  gate  slots  to 
determine  possible  fish  paths  and  injury  areas  through  the  turbine  and  draft  tube.  Since  velocities 
in  this  area  are  near  or  above  capture  velocities  (7  ft/s  for  6-inch  fish),  flow  lines  are  assumed  to 
approximate  fish  paths.  This  assumption  will  be  verified  through  turbine  fish  distribution  testing, 
described  in  section  3.1.3.  Flow  lines  were  studied  with  and  without  fish  guidance  screens 
installed. 

Each  intake  bay  was  divided  into  five  sections,  vertically.  For  initial  measurements,  beads  were 
released  in  the  center  of  each  of  these  sections  just  downstream  of  the  intake  gate  slots  in  each 
bay  (15  releases  in  all).  Wicket  gates  were  numbered  and  divided  into  four  sections  vertically. 
Video  cameras  were  set  up  to  record  flow  lines  of  the  beads  and  bead  distribution  from  the  intake 
gate  slots  through  the  stay  vanes  and  wicket  gates.  These  films  were  later  analyzed  and  the  bead 
path  and  distribution  information  recorded  on  plots  such  as  those  seen  in  Appendix  B.  Bead 
paths  were  verified  using  dye  tracings. 

This  method  was  used  to  identify  bead  paths,  areas  of  turbulence,  and  dead  zones  through  the 
turbine.  In  FY97,  flow  lines  from  the  intake  gate  slot  through  the  wicket  gates  were  completely 
mapped.  Flow  lines  through  the  turbine  and  draft  tube  were  analyzed  in  FY98.  Preliminary 
releases  indicated  that  considerable  turbulence  existed  downstream  of  the  turbine.  This 
turbulence  made  it  difficult  to  trace  the  flow  path  from  the  entrance  to  the  intake  through  the  zone 
downstream  of  the  turbine.  It  appears  that  tight  control  on  bead  release  at  stay  vanes  will  be 
necessary  to  evaluate  passage  through  the  lower  portion  of  the  turbine. 
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Impact  of  Fish  Guidance  Screens  on  Flow  Lines 

ESBSs  are  40-foot-long  screens  set  at  a  55  degree  angle  from  vertical.  They  are  installed  in  the 
McNary  intake  to  increase  fish  guidance  away  from  turbine  passage.  Due  to  guidance  benefits 
and  potential  hazards  of  turbine  passage,  McNary  is  required  to  operate  with  ESBSs  installed  in 
all  operating  turbine  units  throughout  the  fish  passage  season. 

Several  dams  on  the  Snake  and  Columbia  rivers  are  fitted  with  fish  guidance  screens  (some  with 
ESBSs,  some  with  20-foot-long  standard-length  traveling  screens).  Not  all  intakes,  however  are 
screened.  Therefore,  an  important  part  of  this  study  is  to  look  at  conditions  through  the  turbine 
passage  with  and  without  fish  guidance  screens  installed.  It  is  also  important  to  understand  the 
impacts  guidance  screens  have  on  turbine  passage  conditions  for  those  fish  not  guided  by  the 
screens. 

In  general,  the  ESBSs  typically  cause  beads  to  spread  more  vertically  and,  often,  more 
horizontally  as  they  pass  through  the  wicket  gates.  Since  ESBSs  change  the  distribution  of  flow, 
they  also  affect  which  wicket  gate  openings  beads  are  most  likely  to  pass  through.  This  is 
particularly  apparent  in  the  bay  A  releases  and  least  pronounced  in  bay  B  releases.  See  Appendix 
B  for  graphic  representations  of  these  results. 

The  bottom  two  releases  in  each  bay  represent  the  majority  of  the  flow  that  passes  under  the 
ESBSs.  Where  ESBSs  have  increased  the  vertical  spread  of  the  beads,  beads  passing  lower 
through  the  wicket  gates  would  have  a  greater  chance  of  passing  near  the  outer  gap  of  the  turbine 
blades.  Those  passing  higher  may  have  less  of  a  chance  of  being  impacted  by  the  outer  gap. 
Understanding  the  zone  of  influence  of  the  outer  gap  would  help  in  evaluating  the  overall 
expected  impact  of  the  ESBSs  on  fish  passage. 

Where  ESBSs  increase  the  horizontal  spread  of  beads  entering  the  wicket  gate  and  stay  vane  area, 
beads  often  pass  through  several  more  wicket  gate  openings  than  without  ESBSs  in  place.  It  is 
possible  that  this  spread  could  increase  the  incidence  of  strikes  on  stay  vanes  and  wicket  gates  by 
exposing  fish  to  more  of  these  during  their  passage. 

3.3.4.2  Anticipated  Impact  of  Zones  on  Fish  Passage  Based  on  Model  Observations 

The  following  describes  the  anticipated  impact  of  various  zones  on  fish  condition  through  turbine 
passage  based  on  model  studies  performed  in  FY97  (see  Figure  1  for  a  zone  overview).  The 
portion  of  the  model  that  is  difficult  to  get  detailed  measurements  is  the  zone  impacted  by  the 
rotating  runner.  This  area  will  be  evaluated  using  more  general  information  such  as  bead  paths, 
dye,  and  high-speed  photography.  Another  possible  method  would  be  the  use  of  a  numerical 
model  to  analyze  this  particular  area. 

Intake  Gate  Slot  Through  Start  of  Scroll  Case 

The  turbine  intake  bay  is  split  into  three  intake  sections.  Each  section  is  individually  screened  by 
a  40-foot  ESBS.  All  three  intake  sections  merge  into  the  scroll  case  (see  Figure  1). 

Irregular  flow  patterns  through  the  intake  sections  caused  by  flow  redistribution  associated  with 
ESBSs  result  in  dead  spots  (where  beads  collect)  and  flow  disturbances  (with  no  clear  direction  of 
flow).  Since  velocities  in  these  areas  are  low,  it  is  unlikely  fish  injury  is  occurring  due  to  these 
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flow  patterns  (though  some  abrasion  injuries  may  be  possible).  These  patterns  could,  however, 
affect  fish  distribution  and  orientation. 


Scroll  Case,  Stay  Vanes,  and  Wicket  Gates 

Flow  from  the  intake  section  enters  the  scroll  case  and  begins  a  clockwise  flow  around  the  scroll 
case,  past  stay  vanes,  through  wicket  gates,  and  down  through  the  turbine  (see  Figure  1).  Flow 
along  the  bottom  of  the  scroll  case  rises  up  and  then  bends  sharply  down  into  the  turbine.  Flow 
from  the  top  of  the  scroll  case  bends  sharply  down  as  it  enters  the  turbine.  With  velocities 
increasing  to  about  27  ft/s  as  flows  pass  the  wicket  gates  (for  turbine  flows  of  12,400  cfs), 
abrasion  injuries  are  possible  along  the  surface  of  the  scroll  case. 

Stay  vanes  and  wicket  gates  offer  a  variety  of  hazards.  As  stationary  objects  in  the  flow,  bead 
strikes  indicate  there  may  be  a  high  incidence  of  fish  strike  on  the  vanes  and  gates.  The  gap 
between  the  vanes  and  gates  seem  to  influence  the  flow  patterns.  Some  beads  become  lodged 
between  the  two,  and  beads  strike  the  stay  vanes  and  then  the  wicket  gates.  Once  past  the  vanes 
and  gates,  the  turbine  pulls  flow  sharply  down.  Abrasion  injuries  along  the  vanes  and  the  gates 
are  likely,  along  with  strike  injuries  and  velocity  shear  injuries.  With  these  high  velocities,  there 
may  be  an  area  of  influence  around  each  surface  that  poses  a  hazard  to  fish  passage.  Based  on 
our  judgement  and  observations,  we  assume  that  within  6  inches  of  these  surfaces  may  be  a  high 
hazard  zone  for  fish.  Fish  in  this  area  may  have  a  higher  likelihood  of  strike  or  abrasion  injury. 

If  they  should  change  their  course  slightly,  it  could  take  them  directly  into  a  hazard  area. 

The  approach  to  the  stay  vanes  and  wicket  gates  appeared  to  be  a  significant  factor  in  determining 
the  likelihood  of  impacting  the  stay  vane  or  wicket  gate  surface.  The  flow  with  several  stay  vanes 
aligned  very  well,  while  at  other  locations  the  flow  aligned  very  poorly,  causing  a  rapid  change  in 
direction  with  considerably  higher  probability  of  bead  impact.  Possible  future  improvements 
include  streamlining  or  reshaping  the  stay  vane  and  wicket  gate  combination,  reducing  the 
number  of  vanes  and  gates,  coating  vanes  and  gates,  or  constructing  them  from  a  different 
material.  Lab  tests  may  indicate  whether  possible  abrasion  injuries  are  flow  caused  or  behavior 
caused. 

As  a  result  of  the  higher  velocities  through  the  stay  vane  and  wicket  gate  zone  and  the  relatively 
poor  alignment  that  occurred  for  a  significant  portion  of  the  flow,  this  is  considered  an  area  with  a 
high  potential  for  fish  injury. 

Runner  Region 

This  region  covers  all  areas  in  the  immediate  vicinity  of  the  rotating  blades.  This  includes 
possible  strike  on  the  leading  edge  of  the  blades;  both  inside  and  outside  gaps;  high  velocity 
passage  next  to  the  hub,  the  blade  surface,  and  the  outside  ring;  and  the  turbulent  region 
associated  with  the  trailing  edge  of  the  turbine  blade. 

Outside  Gap 

The  outside  of  the  turbine  blades  spin  past  the  outer  ring.  The  range  of  the  gap  between  the 
blades  and  the  outer  ring  varies  as  the  angle  of  the  blade  is  changed.  In  addition,  water  is  passing 
vertically  through  the  turbine.  Pressure  changes  across  the  outside  gap  at  the  turbine  blade  are 
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expected  to  be  high.  Fish  in  this  area  risk  being  sucked  up  to  the  blade,  pulled  through  the  gap,  or 
crushed  between  the  blade  and  the  outer  ring.  It  may  be  difficult  to  separate  injuries  caused  by 
this  gap  from  those  caused  by  abrasion  along  the  blades  and  outer  ring.  Gaps  take  up  a  fairly 
small  part  of  the  outer  ring  circumference.  Therefore,  the  zone  of  impact  of  these  gaps  may  be  an 
important  aspect  in  estimating  injury  to  fish  population.  Reducing  the  gap  size  is  currently  being 
studied  in  turbine  design,  with  a  MGR  turbine  scheduled  for  installation  in  1999  at  the  Bonneville 
First  Powerhouse. 

The  outside  edge  of  the  turbine  blade  is  an  area  with  a  high  likelihood  of  fish  injury.  Abrasion 
caused  by  high  velocities  in  the  area,  as  well  as  rapid  pressure  changes  at  the  gaps  between  the 
turbine  blade  and  the  outer  ring,  could  contribute  to  fish  injury. 

Inside  Gap  at  Hub 

A  gap  exists  between  the  turbine  blades  and  the  hub  of  the  turbine.  The  range  of  the  gap  changes 
as  the  angle  of  the  blades  change.  Injuries  in  this  area  could  be  caused  by  pressure  changes 
across  the  gap,  and  abrasion  as  high  velocity  flows  cross  the  blades  and  the  hub.  Injuries  due  to 
the  gap  near  the  hub  should  be  similar  to  those  seen  along  the  outside  gap  (with  the  exception  of 
being  crushed  between  a  moving  blade  and  a  fixed  ring).  The  MGR  design  (mentioned  above) 
also  reduces  the  gap  in  this  area.. 

General  Runner  Zone 

The  general  runner  zone  of  the  turbine  is  the  area  in  the  vicinity  of  the  rotating  blades  (see  Figure  1). 
High  velocities  (up  to  about  40  fps  for  turbine  flows  of  12,400  cfs),  pressure  changes,  and 
cavitation  occur  in  this  area.  Fish  face  risks  of  injury  associated  with  these  plus  the  possibility  of 
impact  with  the  front  edge  of  the  turbine  blade  and  abrasion  along  the  blades,  outer  ring,  or  hub. 

Trailing  Edge  of  Turbine  Blade 

The  trailing  edge  of  the  turbine  blade  is  an  area  of  high  shear  and  pressure  changes.  Sudden 
changes  in  velocity  and  direction  occur  as  the  different  pressures  from  both  sides  of  the  blade 
come  together.  This  is  a  very  difficult  zone  to  analyze  using  the  model  due  to  the  rapidly  moving 
parts.  Numerical  model  information  may  be  the  best  tool  for  analyzing  this  region.  The  actual 
portion  of  the  flow  effected  by  this  phenomenon  is  relatively  small  (see  Figure  1).  This  is  a 
relatively  small  area  with  a  high  probability  of  injuring  fish  that  pass  through  it,  due  primarily  to 
high  shear  and  pressure  changes. 

Lower  Turbine  Hub  and  Draft  Tube  Elbow 

Water  exits  the  turbine  with  a  slight  clockwise  rotation.  The  velocity  as  it  exits  the  turbine  runner 
area  is  very  high.  The  flow  is  then  rapidly  de-accelerated  and  turned  90  degrees  to  align  with  the 
draft  tube.  This  creates  very  turbulent  flow  with  high  shear.  All  fish  passing  through  the  turbine 
would  experience  these  conditions.  If  shear  is  a  major  mechanism  for  fish  injury,  this  should  be 
considered  a  major  area  of  concern. 
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Pier  and  Draft  Tube 

After  the  flow  is  turned  at  the  elbow,  it  continues  to  expand  through  the  draft  tube.  The  pier 
(located  just  upstream  of  the  outlet)  divides  the  flow  into  two  paths  (see  Figure  1).  Impact  and 
abrasion  injuries  are  possible  in  this  area.  Turbulence  at  the  pier  nose  could  cause  disorientation 
and  additional  abrasion  injuries  from  the  unsteady  flow  characteristics. 

There  appears  to  be  more  flow  separation  at  the  pier  nose  in  the  draft  tube  at  low  flows  (around 
10,500  cfs)  than  at  high  flows  (around  16,000  cfs).  It  appears  the  draft  tube  design  may  have 
been  optimized  for  the  higher  flow  level.  Average  velocities  at  the  upstream  end  of  the  pier  range 
from  12  ft/s  to  18  ft/s  for  the  above  flows  (10,500  cfs  to  16,000  cfs).  Average  velocities  at  the 
downstream  end  of  the  pier  range  from  6  ft/s  to  9  ft/s. 


Draft  Tube  Exit  and  Backroll 

Flow  exits  the  draft  tube  in  a  swirl  pattern  that  seems  to  indicate  higher  velocities  along  the 
bottom  of  the  draft  tube  than  the  top.  The  flow  boils  to  the  surface  and  splits  into  a  front  roller 
that  travels  quickly  downstream  and  a  baekroller  which  generates  a  vertical  eddy  against  the  dam. 
This  backroll  of  the  flow  is  a  good  habitat  for  predator  fish  which  could  easily  feed  on  disoriented 
juveniles  caught  in  this  portion  of  the  flow.  The  velocities  in  this  region  are  low  enough  that 
injury  from  shear  is  less  likely.  Predation  associated  with  the  baekroller  may  be  quite  significant. 
Fish  passing  through  the  turbine  experience  high  velocities,  rapid  pressure  changes,  high  shear, 
and  rapid  de-acceleration.  Though  each  of  these  may  not  cause  direct  fish  injury,  the 
combination  is  likely  to  leave  a  large  number  of  fish  very  disoriented  and  in  a  very  confused  state. 
If  half  of  these  fish  then  pass  into  the  baekroller,  significant  predation  losses  may  occur. 

The  TSP  team,  following  observations  described  above,  developed  a  list  which  identified  the 
priority  of  study  for  each  zone.  Zones  were  evaluated  based  upon  possible  fish  injury,  fish 
mortality,  and  the  potential  for  physical  modifications  to  improve  conditions  in  the  area.  The 
following  table  shows  the  results  of  this  evaluation  and  the  priority  given  to  various  areas  for 
study. 
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Table  3.  Priorities  for  Zones  of  Study. 


Zone 

Possibility  of  Fish 
Mortality 

Possibility  of  Fish 
Injury 

Priority  for  Study 

Possibility  of 
Physical  Mods 

Upstream  of  stay 
vanes 

No 

No 

Low 

Uncertain 

Stay  vanes/ 
wicket  gates 

Yes 

Yes 

High 

Yes 

Outside  gap 

Yes 

Yes 

High 

Yes 

General  runner 

zone 

Yes 

Yes 

Moderate  to 
High 

Yes 

Trailing  edge  of 
blade 

Yes 

Yes 

Moderate 

Yes 

Lower  hub  and 
elbow 

Yes 

Yes 

Moderate 

Uncertain 

Pier  and  draft 
tube 

Yes 

Yes 

Moderate 

Uncertain 

Draft  tube  exit 
and  roller 

Yes 

Yes 

High 

Uncertain 

3.3.5  Bonneville  Model  Test  Results 

Preliminary  fish  release  locations  were  detennined  based  on  the  Bonneville  and  McNary  fish 
passage  models,  (see  Section  3. 3. 6.3  for  more  information  on  release  sites).  These  sites  were 
chosen  to  optimize  biological  information  from  the  MGR.  Prototype  tests  were  originally 
scheduled  for  FY98,  but,  due  to  delays,  were  scheduled  for  FY99. 

3.3.6  Prototype  Tests 
3.3.6.1  Testing  Overview 

Hydraulic  models  will  be  used  to  develop  and  improve  McNary  prototype  tests.  It  is  assumed 
that  beads  released  in  high  velocity  areas  (above  7  ft/s,  capture  velocity  for  6-inch  long  juvenile 
chinook  and  steelhead)  will  approximate  fish  paths  through  the  same  areas.  Bead  flow  paths  will 
be  studied  to  determine  potential  danger  zones  and  “fish”  paths  through  these  zones.  Release 
sites  will  be  selected  to  place  fish  in  the  desired  areas  for  prototype  testing.  Injury  and  survival 
information  from  prototype  tests  will  be  used  (along  with  fish  distribution  information)  to 
estimate  the  impact  potential  of  each  zone  on  fish  injury  and  survival.  Prototype  tests  were 
originally  scheduled  for  FY98,  but,  due  to  delays,  were  postponed  until  FY99. 

Hydraulic  models  will  also  be  used  to  develop  and  improve  prototype  tests  to  evaluate  changes  in 
fish  injury  and  survival  with  a  MGR  at  Bonneville  Dam  First  Powerhouse.  Flow  paths  through 
the  McNary  turbine  model  will  be  used  to  estimate  fish  paths  from  the  Bonneville  scroll  case 
through  the  turbine  (the  Bonneville  model  does  not  have  a  turbine).  Similar  prototype  release 
sites  will  be  used  for  the  minimum  gap  turbine  and  a  typical  turbine  to  compare  fish  injury.  Fish 
distribution  infonnation  will  also  be  analyzed  to  estimate  impact  on  survival.  Prototype  tests 
were  originally  scheduled  for  FY98,  but  were  postponed  until  FY99. 
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3.3.6.2  McNary  Prototype  Test  Development 
Model  Release  Sites 

Initial  release  sites  were  selected  based  on  model  information  (identification  of  potential  injury 
areas  and  flow  lines  through  these  areas).  Five  sites  were  chosen.  Areas  targeted  for  study 
include  the  following: 

•  Minimum  impact  passage  (a  route  through  the  turbine  that  is  anticipated  to  have 
minimum  fish  injury) 

•  Stay  vanes  and  wicket  gates 

•  Hub  gap  at  turbine 

•  Outer  gap  at  turbine 

•  Center  pier  of  draft  tube  outlet. 

These  sites  were  selected  to  provide  a  better  understanding  of  where  injuries  are  occurring  in  the 
turbine  passage  and  what  areas  would  benefit  most  from  modifications.  Injuries  from  the  last 
four  passage  routes  will  be  compared  to  injuries  from  the  minimum  impact  passage  to  determine 
biological  impacts  of  potential  injury  areas. 

Release  sites  will  be  verified  before  being  finalized  for  prototype  testing.  Approximately  500 
beads  will  be  released  at  each  initial  site  and  their  paths  studied  to  evaluate  if  the  site  will  provide 
adequate  biological  information.  Information  from  studying  bead  paths  may  also  roughly 
indicate  what  portion  of  fish  may  be  injured  from  each  release  site.  New  release  sites  will  be 
selected  if  necessary. 

Prototype  Release  Sites 

In  an  attempt  to  confirm  that  bead  paths  in  the  model  can  represent  fish  paths  in  the  prototype, 
verification  studies  will  also  be  conducted  (see  Section  3.1).  Currently,  technology  to  track  fish 
to  the  wicket  gate  area  is  being  researched.  It  is  important  to  confirm  the  fish  path  through  the 
turbine  passage  for  two  reasons:  1)  if  fish  paths  are  confirmed,  the  strength  of  the  biological  tests 
results  increase,  and  2)  a  higher  confidence  in  the  use  of  hydraulic  models  to  evaluate  fish 
passage  conditions  and  possible  improvements  would  provided. 

3.3.6.3  Bonneville  Prototype  Test  Development 

Initial  release  sites  were  selected  based  on  model  information.  The  following  three  sites  are 
targeted  for  study: 

1 .  MIP  (a  route  through  the  turbine  that  is  anticipated  to  have  minimum  fish  injury) 

2.  Hub  gap  at  turbine 

3 .  Outer  gap  at  turbine. 

These  sites  were  selected  specifically  to  evaluate  potential  benefits  of  a  MGR  turbine  design. 
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4.  Economic  Data 
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IMPLEMENTATION  STUDY  PROFILE 
All  Options  with  Operating  Dam 
Power  House  Rehab  of  Turbine  Generating  Units 


Figure  1.  Zones  of  Concern 
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1.  Implementation  Costs  and  Schedules 


1.1  General 

The  following  cost  graphs,  tables,  and  schedules  are  developed  by  Cost  Engineering  Branch,  Engineering 
Division,  All  Corps  Federal  costs  and  the  Bureau  of  Reclamation’s  (BOR)  water  acquisition  costs  are 
included  in  these  documents.  Cost  information  includes  costs  for  construction,  operating,  and 
maintenance  as  well  as  other  specific  federal  requirements.  The  costs  were  developed  as  comparison  type 
costs  for  use  in  the  economic  studies  and  option  selecting.  Costs  do  not  include  escalation  and  are  not 
intended  to  be  used  as  program  funding  estimates.  These  costs  are  based  on  the  scope  of  work, 
assumptions,  and  methodology  presented  in  this  report,  “Detailed  Project  Schedule  PB-2A”  (PB-2A)  and 
engineering  annexes  (Annexes  A  through  D  of  this  appendix).  Final  cost  comparisons  will  take  place  in 
Appendix  H,  Economics.  Graphs  and  schedules  show  costs  out  to  year  2045. 

Costs  were  gathered  for  the  nine  options  for  operating  the  four  lower  Snake  River  Dams 


1 .  Option  A- 1 ,  Existing  System 

2.  Option  A-la,  Existing  System 

3.  Option  A-2a,  Existing  System 

4.  Option  A-2b,  Major  System  Improvements 

5.  Option  A-2c,  Major  System  Improvements 

6.  Option  A-2d,  Major  System  Improvements 

7 .  Option  A-6a,  Major  System  Improvements 

8.  Option  A-6b,  Major  System  Improvements 

9.  Option  A-6d,  Major  System  Improvements 


Existing  Conditions 
In-River  Conditions 
Maximum  Transport 

(SBC)  with  Maximum  Transport  (high  cost) 
(SBC)  with  Maximum  Transport  (low  cost) 
(SBC)  Adaptive  Migration  Strategy 

(Maximum  SBC)  In-River  Passage  without  BGS 
Extra  BOR  Water  purchased 

(Maximum  SBC)  In-River  Passage  without  BGS 
(SBC)  In-River  Passage  with  BSG 


1.2  Methodology  Used  for  Development  of  Implementation  Costs 

1.2.1  General 

This  report  includes  concept  level  cost  estimates.  Estimates  and  costs  obtained  were  developed  for  each 
of  the  nine  options.  Costs  were  developed  based  on  a  100-year  life  cycle  analysis.  All  costs  were  at  a 
price  level  for  October  1,  1998  (start  of  the  fiscal  year).  For  economic  comparison  purposes,  no 
allowance  for  inflation  to  cover  construction  time  is  included.  A  period  was  shown  for  year  2001  to  year 
2045,  Costs  will  level  out  at  year  2045.  Second  Power  Rehab  Costs  are  not  shown  in  the  graph  because 
they  occur  after  2045,  but  are  still  used  in  the  economic  analysis. 

1.2.2  Construction  and  Acquisition  Costs 

Construction  and  acquisition  short  point-in-time  costs  are  based  on  PB-2A,  conceptual  design  reports,  and 
supporting  documents.  These  budgetary  costs  include  costs  for  contracts,  construction,  prototypes, 
testing  and  development,  feasibility  studies,  real  estate,  cultural  resources,  engineering  and  design, 
construction  management,  and  project  management.  The  major  assumptions  are  that  fish  passage  around 
the  projects  will  be  maintained  during  construction.  In-water  construction  work  will  be  allowed  to  occur 
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during  limited  fish  windows,  which  occur  during  non-fish  migration  periods.  Other  assumptions  and 
costs  are  documented  in  the  annex  reports.  The  cost  for  construction  and  acquisition  occur  for  a  short 
duration  period  of  these  economic  studies. 

1.2.3  Anadromous  Fish  Evaluation  Program  Costs 

Anadromous  fish  evaluation  program  (AFEP)  annual  costs  are  for  testing,  research,  development,  and 
evaluation  on  how  the  dam  improvements  are  working.  These  study  costs  occur  for  the  first  25  years 
(approximate)  of  the  construction  and  rehab  improvements. 

1.2.4  Operations  and  Maintenance  Costs 

Operations  and  maintenance  (O&M)  annual  costs  are  based  on  history  records  received  from  Programs 
Management  Branch.  They  are  tabulated  and  broken  out  per  work  breakdown  structure  and  separated 
into  O&M  costs  for  each  dam.  Minor  and  major  rehab  repair  costs  such  as  costs  for  navigation  locks, 
spillways,  minor  turbine  repairs,  dredging,  fish  transportation,  and  miscellaneous  costs  are  included  in  the 
O&M  cost  data.  Costs  for  major  rehab  of  the  powerhouse  are  not  included.  These  costs  are  included 
below. 

1.2.5  Minor  Repairs  Costs 

Cost  for  minor  repair  is  shown  as  a  annual  cost  developed  as  a  percentage  based  on  annual  O&M  costs. 
An  additional  percentage  was  used  to  cover  cost  of  aging  equipment  and  increase  dredging  costs.  When 
minor  repairs  and  O&M  costs  are  combined,  they  come  up  with  the  complete  cost  to  operate  and  maintain 
the  four  Snake  River  dams  except  for  major  rehab  of  the  dam  turbine  and  generator  units.  These 
operating,  maintaining,  and  minor  repair  costs  occur  for  the  full  duration  of  the  economic  studies. 

1.2.6  Major  Repair  and  Rehab  Costs 

Major  present  short  point-in-time  costs  are  for  completely  rehabbing  all  24  turbine  and  generator  units. 
This  rehab  includes  the  turbines,  the  turbine  blades  (six  blades  per  turbine),  rewinding  generators,  and 
miscellaneous  work.  Because  of  the  time  spanned  by  economic  study,  more  than  one  rehab  cost  will  be 
required.  The  second  turbine  rehabs  are  not  shown  in  the  table  or  on  the  graphs  because  they  are  so  far 
into  the  future.  The  second  rehab  costs  are  included  in  the  economic  studies  report.  These  major  repair 
and  rehab  costs  occur  for  the  defined  many  short  duration  periods  of  the  economic  studies. 

1.2.7  Fish  Hatcheries 

Fish  hatcheries  annual  costs  are  for  operating,  repair,  and  rehab  of  the  fish  hatcheries.  The  costs  for 
operating  and  maintaining  the  fish  hatcheries  occur  for  the  full  duration  of  the  economic  studies. 

1.2.8  Bureau  of  Reclamation  Water  Acquisition  and  Transaction 

BOR  water  acquisition  annual  costs  are  for  extra  water  and  flow  needed  to  pass  more  water  flow  over  the 
dams  during  critical  flow  times.  Average  costs  were  used  in  the  developing  of  these  costs.  The  water  is 
purchased  from  natural  (irrigator)  flow  rights,  changes  in  Snake  River  reservoirs  operations,  and 
additional  water  from  BOR  storage  reservoirs.  These  water  purchase  costs  occur  for  the  full  duration  of 
the  economic  studies. 
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1.3  Backup  of  the  Implementation  Costs 

1.3.1  General 

The  costs  were  gathered  from  the  sources  listed  below.  Further  descriptions  of  these  items  can  be  found  in 
Annexes  A  through  D  of  this  appendix.  If  the  below  tasks  do  not  have  funds  currently  appropriated, 
funding  documents  may  be  developed,  submitted,  and  approved  before  work  can  start  on  those  items. 

1.3.2  Fish  Improvement  I  (Construction  General  Funds) 

All  listed  budget  costs  for  Fish  Improvements  were  obtained  the  from  the  program  manager’s  PB-2A 
program  cost  printout  dated  October  1,  1998,  except  for  the  following  items: 

•  DGAS  1-2  End  Bay  Deflectors 

•  DGAS  2  -  Modified  Existing  8  or  10  Deflectors  (lower  the  elevation  of  the  deflectors) 

•  Cam  Field  Test  Improvement  Studies  on  eight  different  types  of  turbines 

•  3-D  Cam  Improvements  for  24  each  turbines. 

October  1,  1998  PB-2A  costs  are  currently  in  the  construction  general  (CG)  budget.  These  costs  come 
from  Programs  Management  Branch  and  the  program  managers  have  backups  to  these  costs.  These  PB-2A 
costs  were  developed  in  Programs  Management  Branch  and  supplied  by  CENWW-PM-PB.  Funding  is 
currently  appropriated  in  the  existing  CG  budget.  The  costs  backup  for  the  above  item  1  through  4  can  be 
found  the  appropriate  annex. 

The  DGAS  1  and  2  listed  budget  costs  came  from  the  “Dissolved  Gas  Abatement  Study  of  Investigations 
of  Additional  Spillways  and  Side  Channel  Gas  Abatement  Alternatives,”  final  report  dated  June  1998, 
Contract  No.  DACW57-96-D-0001,  and  Assessment  of  Gas  Abatement  Alternatives,  final  report  dated 
August  1998,  Contract  No.  DACW57-96-D-00016.  Funding  is  not  currently  appropriated  in  the  existing 
CG  budget. 

The  Cam  Field  Test  improvement  studies  and  3-D  Cam  Improvements  were  developed  from  a 
presentation  by  CENWW-EN-DB-HY  and  CENWP-HDC-P.  Funding  is  not  currently  appropriated  in  the 
existing  CG  budget. 

1.3.3  Fish  Improvement  II  (Construction  General  Funds) 

All  listed  budget  costs  came  from  the  Lower  Snake  River  Surface  Bypass  and  Collection  System 
Combinations  Conceptual  Design  Report,  Contract  No.  DACW68-97-D-0002.  Funding  is  not  currently 
appropriated  in  the  existing  CG  budget. 

1.3.4  Anadromous  Fish  Program  (Construction  General  Funds) 

The  Anadromous  Fish  Evaluation  Program  studies  (AFEP)  costs  were  developed  in  Planning  by 
CENWW-PL-EP.  Some  of  this  funding  is  currently  appropriated  in  the  existing  CG  budget. 

1.3.5  Annual  Routine  Maintenance  &  Repair  Costs  (O&M  funds) 

Annual  routine  maintenance  and  repair  costs  were  developed  from  five  years  of  accumulated  total  O&M 
costs.  These  costs  were  developed  from  actual  cost  supplied  from  CENWW-PM-PB.  The  listed  costs  are 
an  average  value  of  those  five-year  actual  costs.  No  escalation  was  used  in  the  development  of  these 
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figures.  Actual  costs  accumulated  did  not  show  any  escalation  tendencies.  Also,  congress’  budget 
tendencies  seem  to  prevent  escalation  or  increases  in  budget.  Funding  is  currently  appropriated  in  the 
existing  O&M  budget. 

When  five  extra  barges  were  required,  the  extra  barging  costs  were  developed  with  the  help  of  CENWW- 
OP-T.  Funding  is  not  currently  appropriated  in  the  existing  O&M  budget. 

The  extra  listed  Surface  Bypass  and  Collection  system  budget  costs  came  from  the  Lower  Snake  River 
Surface  Bypass  and  Collection  System  Combinations  Conceptual  Design  Report,  Contract  No.  DACW68- 
97-D-0002.  Funding  is  not  currently  appropriated  in  the  existing  O&M  budget. 

1.3.6  Minor  Repair  Costs  (O&M  funds) 

The  minor  repair  costs  were  assumed  to  be  5  percent  of  all  annual  routine  maintenance  and  repair  costs. 
This  information  was  supplied  by  Operations  Branch.  The  source  of  funding  for  these  extra  costs  will 
need  to  be  procured.  Current  funding  is  only  found  and  may  be  available  only  if  the  item  has  broken 
down.  Funding  is  not  currently  appropriated  in  the  existing  O&M  budget. 

1.3.7  Major  Repair  and  Rehab  Costs  (O&M  funds) 

Budget  costs  were  from  the  Turbine  Annex.  These  costs  were  derived  from  the  Ice  Harbor  Lock  and 
Dam  Power  House  Major  Rehabilitation  (Rehab)  Program  in-house  work  report  dated  March  1997.  The 
source  of  funding  for  these  extra  costs  is  unknown.  Current  funding  is  available  only  if  the  item  has 
broken  down.  At  this  time,  funds  can  be  found  to  fix  the  item.  Funding  is  not  currently  appropriated  in 
the  existing  O&M  budget. 

1.3.8  Costs  for  Others,  Fish  Hatcheries  (O&M  funds) 

These  costs  were  developed  from  actual  cost  supplied  from  CENWW-PM-PB  with  the  help  of  CENWW- 
OP-T.  Funding  is  currently  appropriated  in  the  existing  O&M  budget. 

1.3.9  Bureau  of  Reclamation  -  Water  Acquisition  and  Transaction  Costs 

BOR  supplied  these  costs  from  the  “Snake  River  Flow  Augmentation  Impact  Analysis  Appendix”  dated 
February  1999.  Funding  is  currently  appropriated  in  their  existing  O&M  budget  for  the  lower  flows. 

1.4  Implementation  Schedules 

1.4.1  General 

Schedules  do  not  reflect  potential  problems  associated  with  political  restraints  such  as  limited  funding  per 
year.  The  yearly  costs  funding  profile  graphs  show  the  funds  required  to  accomplish  the  work  on 
schedule  (without  inflation).  Final  schedules  and  project  costs  are  dependent  on  funding  limitations  and 
will  be  adjusted  accordingly. 

The  schedule  assumes  that  a  decision  will  be  made  and  the  work  will  start  in  the  FY  2001  (October  1,  2000). 

Research  is  being  conducted  on  the  fish  program.  As  new  data  are  analyzed,  certain  requirements  may 
change  and  costs  may  vary.  There  were  no  additional  costs  included  with  future  improvements  to 
existing  fish  facilities  that  may  occur  upon  completion  of  research. 

The  24  lower  Snake  River  dam  turbine  units  have  an  approximate  life  span  of  25  to  50  years.  It  takes 
approximately  1 0  years  to  rehab  six  turbine  units  at  each  dam.  Only  one  turbine  unit  can  be  rehabbed  at  a 
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time  for  several  reasons  including  power  maintenance  and  funding  limitations.  When  the  final  of  turbine 
units  is  rehabbed,  the  final  turbine  unit  rehab  may  be  completed  +10  years  after  its  estimated  fifty  years 
life  span  (see  schedule).  This  method  is  a  conservative  approach  to  rehab  of  the  turbine  units. 

Note:  Only  the  24  turbine  unit’s  initial  rehabs  are  shown  on  these  spreadsheets  and  graphs.  Due  to  the 
economic  studies  duration  of  a  100  years,  the  second  turbine  units  rehabs  costs  are  not  shown  in  the  graph 
but  will  be  included  in  the  decision  economic  analysis. 

Schedules,  concept  costs,  and  this  program  are  under  development  and  are  subject  to  change  as  direction 
and  funding  are  made  available.  All  annual  costs  are  an  approximation  of  fluctuating  costs  and  funding, 
and  subject  to  changes  over  time. 


1.4.2  Summary  of  Completion  Dates 

The  following  are  Construction  and  Acquisition  Costs  activities’  approximate  start  and  finish  dates: 
For  more  informative  schedules  see  option  schedules  printouts. 


Option  A-l?  Existing  System 
Existing  Conditions 

Option  A- la,  Existing  System 
In-River  (Logic  Option) 

Option  A-2a,  Existing  System 
Maximum  Transport 

Option  A-2b,  Major  System  Improvements  with 
Maximum  Transport  (High  Costs) 

GptionA-2c?  Major  System  Improvements  with 
Maximum  Transport  (Low  Costs) 

Option  A-2d,  Major  System  Improvements 
Adaptive  Migration  Strategy 

Option  A-6a  &  b  Major  System  Improvements 
In-River  Passage  without  BGS  str 

Option  A-6d,  Major  System  Improvements 
In-River  Passage  with  BGS  str 

The  two  following  activity  items  have  approxima 

of  economic  study  period; 


Starts  10/1/2000  Finishes  1/1/2005 

(Voluntary  spill  operating  conditions) 

Starts  10/1/2000  Finishes  1/1/2005 

(Voluntary  spill  operating  conditions) 

Starts  10/1/2000  Finishes  1/1/2005 

(No  voluntary  spill  operating  except  at  Ice  Harbor  Dam) 

Starts  10/1/2000  Finishes  1/1/201 1 

(No  voluntary  spill  operating  except  at  Ice  Harbor  Dam) 

Starts  10/1/2000  Finishes  1/1/2007 

(No  voluntary  spill  operating  except  at  Ice  Harbor  Dam) 

Starts  10/1/2000  Finishes  1/1/2010 

(Voluntary  spill  operating  conditions) 

Starts  10/1/2000  Finishes  1/1/2010 

(Voluntary  spill  operating  conditions) 

Starts  10/1/2000  Finishes  1/1/2009 

(No  voluntary  spill  operating  except  at  Little  Goose  Dam) 

‘  start  and  finish  dates  and  are  completed  before  the  end 


All  Options  First  Turbine  Major  Rehab  Starts  10/1/2004  Finishes  1/1/2044 

(Initial  Rehab  only,  under  Operation  and  Maintenance  Costs  Grouping)  (Second  Rehab  included  in  Economic  Study) 

Anadromous  Fish  Evaluation  Program  Starts  10/1/2000  Finishes  1/1/2027 

(Extra  work  due  to  the  Turbine  Major  Rehab  Program) 


O&M  costs,  BOR  water  purchases  costs,  and  fish  hatcheries  costs  are  average  costs  and  the  duration  is 
the  length  of  the  economic  study  period. 
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2.  Implementation  Costs  -  Graphs,  Spreadsheets, 
and  Schedules 


2.1  Implementation  Study,  Summary  Costs  Profile  Graphs 

The  following  are  summary-timed  graphs  showing  when  total  yearly  option  costs  will  occur  for  a  group 
of  options. 


Note:  Summary  Implementation  Study  Profiles  were  developed  from  each  option’s  prorated  cost 
spreadsheets  in  backup. 


Graph  Listings 

Grouping  of  Items 
Summary  (of  all) 

Major  System  Improvements 
Existing  System 


Type  of  Graph 

Summary  Implementation  Study  Profile 
Summary  Implementation  Study  Profile 
Summary  Implementation  Study  Profile 


Location 
1  Page 
1  Page 
1  Page 
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2.2  Implementation  Study,  Options  Costs  Profile  Graphs 

The  following  are  timed  graphs  of  when  grouped  yearly  costs  will  occur  for  each  option. 

Note:  Implementation  Study  Funding  Profiles  were  developed  from  each  option’s  prorated  cost 
spreadsheets  in  backup. 


Graph  Listings 

Options 

Tvne  of  Graph 

Location 

Alternatives 

Option  A-l 

Implementation  Study  Profile 

1  Page 

Alternative  #1 

Option  A- la 

Implementation  Study  Profile 

1  Page 

Option  A-2a 

Implementation  Study  Profile 

1  Page 

Alternative  #2 

Option  A-2b 

Implementation  Study  Profile 

1  Page 

Option  A-2c 

Implementation  Study  Profile 

1  Page 

Option  A-2d 

Implementation  Study  Profile 

1  Page 

Alternative  #3 

Option  A-6a 

Implementation  Study  Profile 

1  Page 

Option  A-6b 

Implementation  Study  Profile 

1  Page 

Option  A-6d 

Implementation  Study  Profile 

1  Page 
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2.3  Implementation  Study,  Summary  Costs  Spreadsheets 

The  following  are  summary  cost  spreadsheets  for  each  of  the  options. 

The  total  costs  summary  spreadsheet  was  developed  from  the  Contract  Detail  Summary  spreadsheets. 

For  how  the  Contract  Detail  Summary  spreadsheets  were  developed,  see  paragraph  1.3  Backup  of  Costs. 

Implementation  Costs,  Summary  Spreadsheet  1  Page 

Implementation  Costs,  Contract  Detail  Summary  Spreadsheet  (Expanded)  4  Pages 
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2.4  Prorating  of  All  Option  Costs  Spreadsheets 

The  following  are  yearly  timed  cost  spreadsheets  of  when  work  item  costs  are  planned  to  occur  for  each 
option. 

Note:  The  yearly  work  item  costs  were  developed  from  each  option’s  schedules  in  backup. 

Prorating  Option  Listings  Location 

Implementation  Summary  of  Prorating  All  Options  Spreadsheets  Costs  3  Pages 
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For  More  Information 


Visit  the  Walla  Walla  District  Home  Page 
at  http://www.nww.usace.army.mil 

Department  of  the  Army 

Walla  Walla  District.  Corps  of  Engineers 
201  North  Third  Avenue 
Walla  Walla,  WA  99362-1876 


